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INTRODUCTION. 


Ir was in 1912 that S. A. K. Wilson [45], in a monograph of out- 
standing importance, first described under the title ‘“‘ Progressive 
Lenticular Degeneration ’’ a series of cases of extrapyramidal disease 
in which cirrhosis of the liver was associated with gross damage of the 
lenticular nuclei. Inthis paper he was able to distinguish a sharply 
defined disease, and to link up the nervous symptoms with the lesions 
found in the central nervous system. 

Since that date many other cases have been recorded, and in its 
main conclusions*his work has received ample corroboration. Recently, 
however, cases have been published under various titles in which lenti- 
cular disease has been found but in which the clinical symptoms differed 
considerably from those described by Wilson ; others, previously reported 
but reviewed in the light of Wilson’s results, showed cirrhosis of the 
liver but presented symptoms which did not harmonize fully with the 
Wilson picture. More particularly pseudo-sclerosis and torsion-spasm 
have constituted a difficulty, and though some authors, notably Hall 

17 |, have grouped these cases with Wilson’s, yet the latter, as we read 
his recent work [ 46, 47], is still of opinion that they should be regarded 
as diseases distinct from progressive lenticular degeneration. The 
relationship between the nervous lesions and the liver disease has 
provoked much discussion, and the extraordinary absence in the majority 
of cases of symptoms attributable to the cirrhosis has been a source of 
some difficulty. Finally, in Wilson’s disease, the occurrence of that 
curious zone of pigmentation of the cornea known as the Kayser- 


BRAIN,—VOL,. XLVIII. 19 





80 ORIGINAL ARTICLES AND CLINICAL CASES 


Fleischer line has been noticed on only one occasion, though it h 
been described on several occasions as a feature of the other disea 
conditions. 

We have been fortunate in being able to observe over a period of thr 
years four cases in one family, in two of which post-mortem examinatio1 
have been made under good conditions. Noone reading the succeedin 
account will fail to conclude that all the four members of this fami! 
have suffered from but one form of disease ; yet in two of them (one st 
alive) no nervous phenomena of a degree severe enough to produ 
objective signs have been present. All of them have suffered fro: 
cirrhosis of the liver, and one of them (still living) shows the Kays« 
Fleischer line. 

Three of the four cases recorded here were shown at the New 
logical Section of the Royal Society of Medicine in London in Januar 
1924. On that occasion we were able to demonstrate that two of tl 
cases were already suffering from extrapyramidal nervous lesions, whils 
the third case (E. B.) was in the pre-nervous stage but showed cirrhos 
of the liver with ascites and a slight degree of nephritis. By a hap; 
chance Wilson was himself present and agreed that the two cases we 
suffering from progressive lenticular degeneration. 

The task of keeping in close touch with the family has been great! 
facilitated by the successive house-physicians of one of us (S. B.). W 
desire here to record our thanks to them, notably to Dr. Cochrane w! 
was kind enough to make visits to the patients’ home and report on t! 
family, and to Dr. A. J. Davies to whom we are indebted for many 
the photographs. 

We have to thank Professor Haswell Wilson for his care in 1 
earlier post-mortem work; Dr. W. T. Hillier, the Clinical Pathologist 
the General Hospital, Birmingham, for the care taken on many oc 
sions in supervising and carrying out the tests for liver efficiency 
the gastro-analysis; and Mr. T. Harrison Butler for the beauti! 
coloured drawings he made when kind enough to report on the corn 
pigmentation. To Dr. J. G. Greenfield also we wish to express 
thanks for his great assistance and helpful criticism in the pathologi 
investigation, most of which has been carried out in the Patholog 
Laboratory at the National Hospital, Queen Square. Finally, on 
us (E. W. H.) desires to acknowledge the assistance afforded by 
Medical Research Council, owing to which it was possible to ma! 
complete histological examination of the fatal cases. 
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The family.—As far as can be ascertained both the father and mother are 
ealthy in a general sense, neither of them having suffered from any serious 
isease. The father has two half-brothers living, both of them said to be 
ymal; one full brother died of accident in childhood. No relative of his of 
hom he has known has ever suffered from any form of progressive paralysis. 

The mother has suffered since puberty from periodic migrainous headaches, 
ver severe enough to incapacitate her from work. None of her relations has 
iffered from any nervous disease. 

The children have numbered eight in all, and there have been no mis- 
rriages. The three eldest (a boy, aged 19, a second boy, aged 17, and a girl, 
ged 16) are all healthy, and without evidence of either nervous or liver 
sease. The fourth child, Phabe B. (aged 14), is the second case to be 
scribed later. Of the other children, Frederick B. (Case 1) died at the age 

12; Elsie B. (Case 3) died at the age of 10; Daniel B. (Case 4) is 9 years 
1 and has cirrhosis of the liver, whilst the eighth child, now nearly 3 years 
d, has no nervous symptoms, but when last examined (in 1923) had a 
lpable liver edge which was considered by Dr. Cochrane to be too hard. 

In both parents and in several of the children, the blood has been examined 

the Wassermann test ; it has been uniformly negative. No sign of syphilis 
; present in any member of the family. 


Case 1.—Frederick B. On July 10, 1922, when 8 years of age, this boy 
st came under my notice. He was brought to the out-patient department of 
e General Hospital, Birmingham, his mother complaining that he was losing 
» use of his right hand and that he dragged his right leg. Admission to the 
spital was refused at that time, so it was not possible to make a full record 
his state, and only a few rough notes remain of his condition that day. He 
is a small boy who walked in easily, holding his mother’s hand. His facial 
ession in repose was unusual, for the mouth was constantly kept open 
‘spite the absence of adenoids and the presence of a clear airway through the 
se), and its angles were slightly raised, while a little puckering of the eyelids, 
» merest suggestion of closure, gave the impression that he was always on 

verge of a broad smile, and that he had less than the usual degree of 
otional restraint. 

The condition of the right arm attracted most attention. This was free 
m involuntary movement (tremor, athetosis, &c.) during rest, was nowhere 
isted and could perform all movements with good power. But all voluntary 
ts of the right upper extremity were slow, particularly those of its peripheral 
ments. He could move the arm at the shoulder in all directions, could flex 
| extend at the elbow, wrist and fingers; but all of these movements, and 
ecially those of the fingers and hand, were performed clumsily and rather 
ly. The outstanding feature was his grip. When given the observer's 

ers to clasp, the action was performed powerfully (with a considerable 
nace) and completely ; but when told “ now loose,’”’ he relaxed his grip so 


vly that some three seconds were required before the observer's fingers were 
ased; he would, if allowed, always attempt to unclench his flexed fingers 
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by the aid of his left hand. No similar condition occurred when he grippe 
with the left hand; here relaxation occurred at a normal rate, so that it wa 
evident that the myotonic type of grip with the right hand was not due t 
lack of understanding on his part. While a grimace occurred whenever h 
gripped forcibly with his right hand, the effort to unclasp brought forth wha 
can fairly be described as a facial contortion, expressive of pain, anxiety and 


distress that he should be so slow in obeying the order. His gait was almost 
normal, a little clumsiness and shuftling with the right leg not being considered 
definitely pathological. 

Further examination of his nervous system showed nothing abnormal, tly 
plantar reflexes in particular being of the flexor type. There is no record o 
the viscera having been examined. 

I was puzzled as to the diagnosis in this case; the outstanding feature wa 
his myotonic grip, and I (S. B.) naturally thought that this might be a case o 
Thomsen’s disease (myotonia congenita). But the condition was almost if no! 
quite confined to the right upper extremity, and there was no history which 
could have suggested any family history of myotonia. The other possibilitie 
considered were either (1) Wilson’s disease, (2) pseudo-sclerosis, (3) congenita 
damage to the basal nuclei (congenital chorea, &c.), or (4) some acquire 
damage of the lenticulo-striate region, such as may occur with tumour, infantile 
hemiplegia or encephalitis lethargica. No definite diagnosis was arrived at o 
this occasion ; the history obtained below became available only several mont! 
later. 

He was brought up to hospital again on account of increasing disability 
particularly in that he was more clumsy with his right hand and arm, an 
that he was walking worse; he was admitted to the General Hospital, o 
November 8, 1922. It was then discovered that he had previously | 
December, 1919) been an in-patient of the Children’s Hospital, Birmingha: 
and that notes on his condition at that time were available. The followi: 
account of his previous history was provided partly by the mother and part! 
by the kindness of Dr. Ball, who was in charge of the boy at the Children 
Hospital in 1919. 

Previous history—Until the year 1918, when he was 5 years old, hi 
physical condition had been normal for a boy of his age and social condition. 
At birth no abnormality had been observed in weight or nervous condition; |! 
cut his teeth and began to talk and walk at the usual age; he had had measles 
but no other infantile disease. 

During his sixth year (January to December, 1919) he suffered from recu 
ring attacks of diarrhoea which were never sufficiently severe for medical advi 
to be sought. 

In December, 1919 (aged 6), he was taken ill with an intense attack 
vomiting, some blood accompanying the vomit on one occasion. The vomit 
continued for several days, and about the fifth day he changed in colour a 
the abdomen swelled up. He was admitted to the Children’s Hospital 
account of ascites. During January and early February, 1920, he gradual! 
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ecame worse ; ascites increased, light jaundice was present and several attacks 
f epistaxis occurred, but there was no cedema in the legs or elsewhere. 

On February 15, 1920, the abdomen was tapped and eighty ounces (over 
vo litres) of fluid were removed.’ The liver could then be felt reaching to 
bout one inch (2°5 cm.) below the costal margin; its edge was hard and 
ndular. The spleen was not palpably enlarged. 

On March 3, 1920, he was discharged from the Children’s Hospital, as he 
id developed pertussis. From this stage onwards his mother thinks that he 
as never well, though the ascites never recurred; gradually he developed 
rther symptoms which his mother describes as “ nervous debility,” viz., he 

seemed to be getting stupid, dazed and drowsy, and she thought his memory 
is bad. He was readmitted to the Children’s Hospital later in 1920, but no 
vious signs of nervous disease could be then discovered; it is noteworthy 
that at this stage constipation had replaced the tendency to diarrhcea. 
According to his mother he remained, during 1921, in the state described 
in the previous paragraph. In February, 1922, he had influenza, and after this 
was noticed for the first time that the right arm and leg were getting “ stiff.” 
light attacks of diarrhoea and of vomiting occurred between March and June, 
1922, and the nervous symptoms gradually became more pronounced. 
He was admitted to the Birmingham General Hospital as an in-patient on 
November 8, 1922, and remained under observation for eleven days. On his 
imission a slight fever was present, his temperature being 99°8° F., pulse 120, 
d respiration 28. This was apparently a febricula of the catarrhal type, and 
us accompanied by some herpes of the nose and lips; it cleared up in about 
ix days, by which time the temperature was subnormal, the pulse 96 and 
espiration 24. The urine had a specific gravity of 1012, was alkaline with a 
osphatie deposit, but contained no albumin or sugar. 

He was an undersized boy, 9 years old, and weighed 45}? lb. His main 
mptoms (as related by his mother) were pain in the back and in the right 
‘and inability to stand. The pains were clearly of a minor character and 
eased almost entirely when he lay in bed; after observation it was concluded 


it they were due to overstrain of muscles in attempting to get about. 

He lay in bed quite placidly, usually with his mouth open; a slight smile 
a somewhat fatuous type was the most constant facial expression. At 
es he would laugh or cry unrestrainedly, a minimal cause being required to 
oduce either effect. A tendency to drooling was persistent. His replies to 
estions were intelligent, but were given in a slow, drawling monotone; he 


ver volunteered a statement and never used two words when one would 
fice. All movements, both voluntary or emotional, of his face, tongue and 
vs were slow and deliberate; there was considerable overaction of the 
facial muscles in associated action, such as a maximal voluntary clenching of 
object in his hands. When such a grip was achieved with his right (most 
ected) hand, he usually required to unlock the fingers with the assistance of 
left hand before he could release the object held. 
There was general weakness of a spastic type which was much more pro- 
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nounced on the right side. The right arm was as a rule held adducted to th: 
side and slightly rotated inwards at the shoulder; the elbow was extended 
the hand flexed on the forearm, and the fingers lightly flexed at all joints. Th: 
limb was never fully flaccid, and the slightest voluntary effort, whether in- 
volving this limb or any other portion of the musculature, tended to increas 
the rigidity as a whole. In their slowness of relaxation after a strong volun- 
tary contraction, the muscles of the right arm resembled those of myotoni: 
(Thomsen’s disease). No voluntary movement of the arm was lost, but so slow 
and awkward were the movements that the limb was useless in conveying foo 
or drink to his mouth. Passive movements at first called forth increasi: 

rigidity, but if repeated rhythmically several times in succession a gradu: 

diminution of resistance was noticed—though the normal degree of relaxation 
of muscle tone could never be reached. 

The left upper extremity presented only a slight degree of disability of th: 
same character as that above described. So little was it affected that 
careful examination was necessary to bring out evidence of abnormal rigidity 
and the slowness with which voluntary movements were performed might 


easily have been mistakenly considered to be temperamental. 

The trunk muscles were not demonstrably abnormal, but the right low 
extremity was affected in the same way and to about the same degree as tl] 
right arm. Rigidity, feebleness without total loss of any voluntary action, 
tendency to increased rigidity with any voluntary effort, and the presence « 


rigidity which diminished after repeated passive movement, were as marked i: 
the leg as in the arm. The position of rest was one of general extension, th 
limbs lying side by side with the knees extended and the feet and toes planta 

flexed. A tendency to contracture was already present at the ankle, and passiv: 
dorsiflexion of the foot was incomplete. 

The left leg, though much less severely affected than the right, was moi 
obviously involved than the left arm; no measurable degree of contracture ha 
yet occurred. 

Although the musculature as a whole was poorly developed there was n 
local wasting, and no movement was totally paralysed. 

Whenever the patient's attention was distracted for more than a f 
seconds, there occurred slow, writhing, athetoid movements of his right ha: 
and forearm, and occasionally of the whole upper extremity. If he became 
all excited the lower extremity was also involved, slow movement occurri: 
towards the equino-varus position of the foot with adduction at the hip. The: 
movements could always be controlled by an effort of will, but tended to occ: 
if his attention was distracted in any way. Thus a conversation whi 
interested him, an effort at drinking or to demonstrate the power of his |! 
arm, at once permitted the athetosis to become manifest in the right hand ; 
forearm. No athetoid movement was ever observed during sleep. 

He could walk without help, but only slowly. In doing so he stood uprig 
or with only a little forward flexion of his head or trunk, and with a bar: 
perceptible rigidity of the lumbar spine. His left leg was advanced natura 
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it the right, held rigid at the knee and plantar-flexed at the ankle, was swung 
itwards (abducted at the hip) in order that the toes might clear the floor. 
vhen he put his weight upon his right leg, the heel barely reached the floor, 


id if was impossible for him to maintain his balance without assistance. It 
us noticed that during walking grimacing movements in the face and athetosis 
the right hand commonly occurred. 

Examination of the rest of the nervous system was mainly negative. The 
e movements were normal, the pupils reacted well, and the optic discs showed 
» change. The deep reflexes in the right arm and leg were exaggerated, 
iee clonus and ankle clonus being occasionally obtained. The abdominal 
flexes, superficial and deep, were normal. The plantar reflexes on both sides 
re of the flexor type. 

Visceral organs.—The heart, arteries and lungs were normal to physical 
umination. The abdomen was not protuberant and no ascites was present. 
ere Was no jaundice or icteric tint in the conjunctive or elsewhere. The 
er could be felt on deep inspiration; its edge, reaching at most about 2 cm. 
low the costal margin was obviously rounded and hard, but was not tender. 
e spleen could not be felt, and was of normal size to percussion. No dilated 
ins were present around the umbilicus, or were visible anywhere around the 
tachments of the diaphragm. No deposit of pigment was present in the 
brane of Descemet. 

Progress.—The patient left hospital without material change on November 30, 
}22. He was re-admitted on March 19, 1923, with a history of rapid decline 
physical capacity. Speech had become very notably worse, and whereas on 
3 previous admission the condition was one mainly of right hemiplegia of 
1e lenticular type, it was now obviously bilateral. His mother was of the 
inion that he was also failing mentally. 

At this stage his facial expression was one of vacuity; his mouth was more 
lely open than before, though he still breathed easily through his nose. 
yplies to questions of a simple character were intelligent where intelligible, 
it his articulation was so bad that it was only with difficulty that he could 

understood. Vowels were fairly well pronounced, but the dental and labial 
1sonants were impossible to him. 

The right arm and leg were more affected than on his previous admission, 
akness, rigidity, contracture and athetosis all being more pronounced. His 
t arm and leg were much worse, though still not so severely affected as the 
sht limbs were three months earlier. He could still walk, but not without 
‘sonal assistance. Athetoid movements were now present in his left hand 
| forearm. His right hand was very feeble and the myotonic character of 
» grip had disappeared. No change in his reflexes had occurred. 

At no stage was any tremor of a to-and-fro character seen in this boy. 

The Wassermann reaction of his blood was still negative. 

In January, 1924, he was again in hospital for observation. Some further 
terioration in his physical condition had occurred, but the only noticeable 
dition to his physical signs was the occasional presence of an extensor 
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plantar reflex on the right side. On January 10, in company with his twe 
sisters, he was shown at the Neurological Section of the Royal Society ot! 
Medicine (see Trans. Roy. Soc. Med., Neurol. Section, January, 1924). 

On October 6, 1924, he was admitted to hospital for the last time. During 
the previous twenty-four hours his spasms had suddenly become much more 
intense and painful, and he complained of pain in the abdomen. On his 
admission it was at once evident that he had developed broncho-pneumonia 
for he was breathing quickly, his temperature was somewhat raised (99° F.), 
and he had many crepitations at the bases of his lungs. He remained mildly 
febrile for five days, and then the temperature rose to 104° F.; death ensued a 
few hours later (fig. 1). 


Under D’ Flashes. Boarmer: Admitted 37: 














Fic. 1,—Case 1. Fredk. B. Temperature chart showing the character of the 
pyrexia present before death. 


During this febrile period, a change had come over his general nervous 
condition. The rigidity was as pronounced as before, but now, and especially 
during the last few hours of his life when the temperature was considerably 
raised, he suffered greatly from a series of severe and generalized spasms, 
closely resembling those seen in tetanus. He lay in bed in an extended 
position, completely conscious but unable to articulate more than a mere 
gurgle; no word he attempted to utter was comprehensible. He sweated 
freely and his facial expression was one of pain and fright. His usual rigidity 
was now intensified by the spasms which occurred every fifteen seconds or so, 
and which subsided only partially after some five seconds. The trunk muscles 
were rigid throughout, so that any attempt at passive movement (whic! 
tended, as in tetanus, to increase his spasm) resulted in him being moved « 
bloc without any of the normal suppleness of the trunk and limbs. His nec! 
was slightly flexed, all the muscles, and especially the sternomastoids, being i 
strong tonic contraction. His jaws were clenched in such a way that th 
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upper incisor teeth indented his lower lip, whilst the upper lip was everted and 
the angles of the mouth drawn down. The abdominal muscles were in such 
intense spasm that palpation of viscera was out of the question; the recti 
stood out sharply. Spontaneous movements of the legs occurred as part of the 
generalized spasms, the limbs being drawn up (flexed at the hip) and the feet 
strongly extended (plantar-flexed) on the legs. Similar spasms occurred in his 
arms, which were rigidly adducted to the trunk; a small degree of movement, 
from the fully extended to the slightly flexed postures, occurred at the elbow- 
joint during the spasms. The forearms were powerfully pronated, especially 


during the spasms, whilst spasm of the flexor carpi ulnaris caused the hand to 
be deviated at the wrist to the ulnar side. His hands were tightly clenched, 


more so during the spasms; even when partly relaxed it was not possible, 
passively or voluntarily, to extend his fingers or open his hands without 
causing general spasm and intense pain. 

A tonic spasm, which never fully relaxed, caused flexion of the hips and 
knees. During the acme of his attacks the legs were lifted completely off the 
hed. Any attempt to straighten the limbs passively caused great distress ; his 
hack was arched (lordosis) and the head was retracted at the same time. 
Adductor spasm in the thighs caused the limbs to remain crossed throughout 
this period. His feet were in the equinovarus position, intensified during the 
spasm but never relaxing to the normal position; the toes were strongly flexed. 

It was just possible to obtain knee-jerks and ankle-jerks between the 
spasms; the left plantar reflex was flexor and the right extensor in type. 

His optic discs and pupil reflexes were normal. He had no pigmentation 
of Descemet’s membrane. The ocular movements were normal in all respects. 
Swallowing was possible with difficulty ; he was totally unable to masticate. 

The spasms increased in severity on the evening of October 6, and caused 
him to make cries of pain. Breathing was more difficult. After a small dose 
if morphia he improved, the spasms nearly ceasing; rigidity was still strongly 
marked throughout. On October 9 the spasms recurred, being very severe in 
irms and legs; later the right side of the face was also involved; he sweated 
profusely during the attacks. He died at 4 a.m. on October 11, 1924. 

Summary.—A normal boy with no unusual illness until 5 years old, began 
then to suffer from slight recurrent attacks of diarrhoea. When nearly 6 
years old he developed an acute illness lasting for three months and gradually 
ending in apparently complete recovery. The symptoms of this illness were 
vomiting (at least once with blood in the vomit), a “ change in colour” which 
vas probably a light degree of jaundice, and ascites ; some fever was present at 
this stage. After the first week there was increasing ascites, light jaundice and 
frequent epistaxis. The abdomen was tapped and 80 oz. of fluid were removed, 
liver then felt to be enlarged, hard and nodular; spleen was not enlarged. No 
ecurrence of ascites, and no further gross signs of liver disease developed there- 
iitter. No signs of nervous disease were noted by his relatives or by the 
loctors during his stay in the Children's Hospital at this period. 

From this time he was never really well, and gradually changed in manner, 





288 ORIGINAL ARTICLES AND CLINICAL CASES 


becoming “dazed and stupid.” When re-admitted to hospital at the age of 
6 years there were still no nervous signs. The boy was now constipated. 

From now onwards evidence of progressive disease of the nervous system 
accumulated. By 1922, at the age of 9, the case was definitely diagnosed as 
one of progressive lenticular degeneration, on account of the type of paralysis, 
chiefly right-sided, which was present. His nervous signs increased gradually 
in severity though no signs attributable to liver disease were evident. A light 
attack of broncho-pneumonia in October, 1924, set up a blaze of nervous 
spasm of a tetanoid type, which proved fatal in a few days. He was 11 years 
old at death. He never showed any tremor. 


PATHOLOGICAL EXAMINATION. 


At the autopsy, conducted four hours after death, the body appeared 
emaciated to a considerable degree. There was no excess of fluid in any 
serous cavity, although the meninges were somewhat cedematous. 

The brain was removed and preserved entire in formol-saline ; no abnormality 
was noted in its appearance. 

The liver weighed 600 grm. It was the seat of an advanced multilobular 
cirrhosis, and the liver surface projected in the form of numerous nodules 
which varied in size from that of a pin’s head to that of a marble. These 
nodules were of a mottled-yellow colour and were separated one from another 
by bands of dense fibrous tissue. 

The spleen, weighing 130 grm., possessed a rather thickened capsule and the 
pulp was firm and congested. The kidneys and pancreas were normal. The 
lungs showed an early broncho-pneumonia at the base; the apices were 
normal. The heart was normal. 

Nervous system.—Horizental sections, at intervals of 5 mm., were made 
through the cerebral hemispheres, beginning above at the level at which the 
lenticular nucleus first appeared. These sections revealed no macroscopic 
abnormality except in the lenticular and caudate nuclei. In the former region, 
however, there was a very definite shrinkage of the putamen, which was less 
than half its normal width and dark in colour, thus contrasting forcibly with 
the globus pallidus which showed no shrinkage and was of the usual colour 
(fig. 2). In consequence of the loss of nervous tissue in this region, the sur- 
face of the island of Reil was considerably depressed below its usual level 
The convex curve of the outer border of the lenticular nucleus was lost and 
this margin was bowed inwards ; the nervous substance was here very soft and 
during fixation splitting of the tissues had taken place between the external 
capsule and the putamen. It was obvious that the anterior part of the putamen 
had suffered less severely than the middle and posterior parts, for it was o! 
lighter colour and of greater diameter than those other regions. By compari- 
son the caudate nucleus was but slightly affected, but there was, nevertheless 
some diminution of its bulk, and a distinct gap existed between its media! 
border and the opposite wall of the lateral ventricle. 

The portions of the horizontal sections of one cerebral hemisphere con- 
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taining the basal ganglia were embedded in ecelloidin. Sections from these were 
stained by iron-alum hematoxylin and van Gieson’s counterstain, by toluidin 


blue, by Loyez’s hematoxylin method for myelinated fibres, and by ammonium 
sulphide with subsequent toning in a mixture of potassium ferricyanide and 


:vdrochloric acid, for iron. From the basal ganglia of the opposite side of the 
ain, frozen sections were prepared and stained with alum hematoxylin and 
scharlach R., and with Victoria blue for fibrillar neuroglia (Anderson's 
nodification of Anglade and Morel’s method, Journal of Pathology and 
Bacteriology, 1923, 26, p. 431). A piece of tissue containing the lenticular 


Fic. 2.—Two sections across the right cerebral hemisphere of Case 1, showing the 
marked shrinking and dark coloration of the putamen. 


ucleus was placed in Flemming’s fluid and sections from it stained by 
he Alzheimer fuchsin—light-green method. Parts of the cortex, brain-stem, 
‘erebellum and spinal cord were also examined by the above methods. 

Seen with a low magnification, attention was immediately arrested by the 
ea of closely-packed nuclei and numerous capillaries which represented 
he putamen (fig. 4). This appearance was entirely confined to the outer 
ivision of the lenticular nucleus, except at one point where the morbid process 
1ad encroached to a very slight extent upon the adjacent part of the globus 
allidus. The changes were somewhat more intense in the posterior part of 
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the putamen, while below, at the level where it fused with the head of the 
caudate nucleus, they were considerably less advanced. With appropriate 
staining, the radiating fibre tracts of the putamen were still clearly visible, 
though less evident than in a healthy brain. 

With higher magnification, very few of the cells proved to be nerve-cells. 
The few neurons that remained presented various stages of degeneration and 
disintegration, of an advanced degree. The nuclei of those which survived 
were eccentric in position and distorted in shape. Often they were shrunken 
and considerably darker than normal, but some swollen and very pale forms 
were seen; in neither case was the nuclear membrane distinct. The nucleoli 
showed projections of their substance, becoming mulberry-shaped, and were 


Fic. 3.—Low-power view of a normal Fic. 4.— Low-power view of the putamen 
putamen. Case 1, showing the enormous cellularity of thi 
segment of the lenticular nucleus. 


sometimes markedly eccentric in position. The protoplasm stained very 
irregularly with Nissl’s method. Parts were intensely blue, while others 
stained scarcely at all or were distinctly granular ; in no case was any norma! 
Nissl substance visible. Many of the large cells contained small quantities of 
lipochrome pigment. The cell outlines were very irregular, satellitosis was o! 
much more frequent occurrence than is usual in this region, and true neurono- 


phagia was observed repeatedly. The most severely damaged cells were 
represented by pale and ragged masses of cytoplasm without a nucleus 
surrounded and encroached upon by a mass of satellite cells. The paucity o! 
the nerve-cells, especially of the large neurons, showed that many had alread 


been completely destroyed. 
The neuroglia showed both progressive and regressive changes. In additio: 
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to being enormously increased in number, many of these cells were also 
considerably increased in size. The cell-bodies were often of the dimensions 
of a large nerve-cell, and were rounded or oval in shape without any very 
definite processes. The nuclei were also enlarged, but not always to a 
corresponding degree; in some the size of the nucleus was scarcely increased. 


Sometimes the nuclear enlargement was accompanied by poor staining of the 
chromatin, but usually a condition of marked hyperchromatosis and rarely of 
actual pyknosis was present. Masses of protoplasm containing two or three 


nuclei were seen here and there. Occasional neuroglial cells, of the type 
lescribed by Alzheimer and known now as “ Alzheimer cells,’’ were seen (fig. 5). 
Their nuclei, varying in diameter from three to six times that of a normal 
neuroglial nucleus, were extraordinarily poor in chromatin which was repre- 


Fic. 5—Drawing illustrating the various types of neuroglial cells seen in Case 1. The 
large pale elements (a) represent the so-called Alzheimer cells. Two normal neuroglial 
nuclei are seen (b). At c is a nucleus showing hyperchromatosis. 


sented by a few points of staining, usually along thenuclear membrane. Some 
were lobulated and in many the nuclear membrane was wrinkled. A definite 
1ucleolus was often present. The cell-bodies were unstained by the Nissl 
method, but in fuchsin-light-green preparations showed rounded outlines 
without definite processes. No neuroglial fibres could be demonstrated, but 
this was attributed to faulty fixation. 

In sections stained with Scharlach R., numerous granular corpuscles 
loaded with fatty products of degeneration, were seen, and curiously enough 
these were arranged in small foci. Such elements were also found around 
some of the vessels, while a few large globules of fat existed free in the tissues. 
Other inclusions of the neuroglial cells stained greenish by Nissl’s method, or 
ssumed a greyish tint, and around the vessels elements containing 7-granules 
vere of occasional occurrence. With fuchsin-light-green staining many of the 
slial cells were seen to possess fuchsinophil granules. 
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The increase in the number of capillary vessels could not be ascribed solely 
to the fact that shrinkage of the tissue had rendered more obvious those already 
present ; it was quite evident that a considerable new formation of capillaries 
had accompanied the nervous degeneration. Along the course of the vessels 
were a number of degeneration bodies of lobulated or mulberry shape. They 
stained intensely blue-black with alum-hematoxylin and gave a well-marked 
iron reaction ; in fuchsin-light-green preparations they coloured deeply with th: 
fuchsin. Apart from that contained in these structures, the iron-content of the 
putamen was normal. 

The other regions of the basal ganglia, though presenting some degree o 
neuronal degeneration, were by comparison with the putamen only slight] 
affected. 

The contrast between the putamen and the globus pallidus was particular! 
striking. The enormous cellularity and vascular proliferation of the out: 
division of the lenticular nucleus ceased abruptly at the line of junction wit! 
the pallidum and under low magnification, except at one level where a vei 
slight encroachment had occurred the impression of an almost normal globus 
pallidus was obtained. With a higher power, however, it was seen that no 
of its nerve-cells contained normally disposed Nissl bodies, and many stained 
irregularly and contained eccentric nuclei with mulberry-shaped nucleoli. A 
few were still more damaged and were undergoing neuronophagia. Many 
contained lipochrome pigment, though only in small amount. Although there 
was no gross increase of neuroglia, a certain number of hypertrophied glial cells 
were present, some of which showed hyperchromatosis of the nucleus; isolated 
Alzheimer cells were also seen. In the perivascular spaces were granul 
corpuscles containing fat and occasionally a cell with 7-granules. Degenerati 
bodies of lobulated form were more numerous than in the putamen, and small 
spherical bodies of similar nature were quite common, especially in the ante 
part of this region. Apart from the iron in these degeneration bodies, the i 
content of the globus pallidus was normal. 

The changes in the caudate nucleus were of a somewhat more severe type 
and the large nerve-cells of this region had suffered considerably. 

The thalamus, on the other hand, was nearly normal and but few of 
neurons showed degenerative phenomena. The neuroglia, however, was som 
what hypertrophied. Many of the glial cells possessed a nucleus normal 
size and tolerably rich in chromatin. The bodies of these cells were enlarg 
and attained diameters three times that of the nuclei; they stained faint! 
with toluidin blue, were rounded and without processes, and contained 
inclusions. 

The internal capsule showed no gross degeneration, and the fibres of th 
external capsule were also intact. 

The nerve-cell changes in the cortex were again of a severe type. T 
Nissl substance was no longer present; the protoplasm was granular an 


irregular in its staining, some areas of the cell being quite pale while others 
were impregnated with a deeply staining substance. In still others the prot 
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plasm had a meshlike appearance or actual vacuolation and honeycombing had 
occurred ; such elements frequently showed neuronophagia, while satellitosis 
was a very common phenomenon around the less severely damaged neurons. 
The nuclei were eccentric, shrunken and darker than normal. The nucleoli, 
also often eccentric, had bud-like projections on their surface or were actually 
mulberry-shaped. In a few cases only a tattered remnant of protoplasm 


undergoing neuronophagia marked the site of a nerve-cell. 
The neuroglial cells were probably somewhat more numerous than normal, 
though in the cortex the increase in their numbers was not a conspicuous 


feature. Many of the cells were hypertrophied and showed regressive changes 
in the nuclei, of the same nature as those described in the putamen ; occasional 
Alzheimer cells were present. Granular corpuscles around some of the vessels, 


Fic. 6.—Low-power photograph of the liver in Case 1, showing a typical 
multilobular cirrhosis. 


hoth here and in the subcortical white matter, and an occasional degenera- 
tion body, were further proofs of the occurrence of degeneration in the 
1eighbourhood. 

The brain-stem was normal. 

The dentate nucleus and cerebellum showed changes of slight intensity 
‘omparable with those in the globus pallidus. 

Liver.—It has been mentioned that the liver showed a condition of multi- 
lobular cirrhosis. Areas of liver tissue varying in diameter from 1 to 6 mm. 
were separated one from another by bands of greyish fibrous tissue which, for 
he most part, were less than 1 mm. in diameter, but around the portal veins 
ittained a diameter of 3 to 5 mm. (fig. 6). 
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Microscopically the areas of liver tissue were seen to be composed of from 
one to four or more lobules. They were surrounded by fibrous tissue, the line 
of demareation of which was, in most cases, quite sharp. In a few areas, 
however, there was evidence of invasion of the liver lobule in the shape of 
fine strands of fibrous tissue which penetrated for some distance from the 
periphery. 

The majority of the liver-cells were affected by fatty changes and it was 
rare to find one completely free. The fat usually existed in the form of 
numerous fine granules and small droplets, though in some cells there were 
larger droplets almost entirely filling the cell. In some lobules the changes 
were equally marked throughout; in others there was a tendency for the 
peripheral parts to show the maximum incidence. At the periphery of the 
lobules some of the hepatic cells of larger size than normal contained two 
nuclei or a single very large nucleus. 

The fibrous tissue was moderately cellular and vascular and contained a 
few areas of round-celled infiltration with occasional eosinophil cells. 

There was, apparently, great proliferation of bile-ducts and numerous small 
ducts lay scattered through the fibrous tissue. At the margins of some of the 
lobules the liver-cells were separated into small groups and showed intermediate 
stages between the liver-cells proper and the cells lining the small bile-ducts. 
The lining epithelium of many of the bile-ducts had undergone fatty degenera- 
tion. Greenish-brown pigment was plentiful in those liver and _bile-duct 
cells which showed fatty changes. It was not completely soluble in acetone, 


alcohol, xylol or a mixture of acid alcohol and ether. In frozen sections it 
stained metachromatically with neutral red. A part of this pigment resisted 
the action of 25 per cent. hydrochloric acid for several days, but none was 
seen after a week’s immersion in hydrogen peroxide. It did not contain iron ; 
in fact there was very little iron-containing substance in the liver, only 
occasional granules which gave an iron reaction being seen. 


Case 2.—Phcebe B. She was first examined because her brother Frederick 
(Case 1) had been seen a few days previously. The history and an accurate 
record of her physical condition were first obtained in July, 1923, when she 
was aged 11. 

As far as ean be ascertained she was normal at birth, and suffered from 
no unusual illness during the first eight years of her life. When aged 8 
she had a febrile illness which was called influenza (in February, 1920), and 
with it developed a transitory jaundice without any “ dropsy ” or swelling o! 
the abdomen. This illness cleared up in a few days but ever since she had 
been subject to frequent attacks of vomiting, in more than one of whic! 
hematemesis had occurred. In February, 1922, her tonsils and adenoids 
were removed on account, her mother says, of a chronic nasal discharge 
From this date the “ sick turns’? became more numerous, and were usuall\ 
accompanied by feverishness; at this period, too, she first began to be 
“ hysterical,’”’ and to exhibit clumsiness of her hand movements, awkwardness 
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yf walking, and difficulty in speaking. A gradual increase of these nervous 
symptoms had been noticed, and they had now become so bad that school 
was out of the question. 

On admission to hospital in July, 1923, when aged 11, she was noted as 
ing exceptionally poorly nourished, and weighing only 45 lb. (fig. 7). As 
he lay in bed she was placid and as a rule without tremor or movement. 
The facial expression was rather vacuous, the mouth being kept open con- 
inuously; no abnormal facial twitches or tremors were present, and her 
mile was abnormal only in the tendency to be exaggerated. Her manner 
vas somewhat facile and childish; speech was slurring and slow but easily 
ntelligible, though she rarely volunteered any statement and was always 
paring of her words. Her intelligence was fairly good, but it was obvious 
hat she had not received the average education of a girl of her age. 

The optic discs, pupil reflexes and eye movements were normal, no 
1ystagmus being present. Movements of her face, jaw and tongue were all 
of normal power as far as they could be tested, but with all of them 
here was slowness and awkwardness in performing voluntary movement at 
‘command, though no tremor or athetotic movement was present. Swallowing 
ecurred fairly easily, but a tendency to drooling was present. No sensory 
defect could be made out in the cranial nerve area. 

There was a constant tendency to adduction and internal rotation of the 
ims. Her right arm was the more affected; it was held rigid, adducted at 
the shoulder, nearly fully extended at the elbow, sharply flexed and deviated 
a little to the ulnar side at the wrist, a little hyper-extended at the metacarpo- 
phalangeal, and flexed at the interphalangeal joints. The left arm showed 
mly a slight tendency to adopt the same posture. 

Hypertonia was present in the left arm, and reached a high grade in the 
right. Passive movement at the right elbow always increased the hyper- 
tonia, but, if flexion and extension were rhythmically repeated many times, the 
hypertonia tended to diminish slowly. 

Contracture of some degree was already present in the hand, but by 
passive movement it was just possible to obtain full extension of fingers and 
wrist. 

Both legs were rigid, the right more so than the left. The usual position 
of the right leg was adduction and nearly full extension, with some internal 
rotation at the hip, extension at the knee, and inversion of the foot into the 
equinovarus position at the ankle. On the right side definite contracture had 
ecurred at the ankle-joint, but none was present on the left. 

In standing the limbs tended to maintain the same positions as in lying 
lown; in addition the head was bent slightly forward, there was a little 
orward curvature of the lumbar spine and a slight lateral curve of the 
ertebral column, concave to the right side. The photograph (fig. 7), taken 
July, 1923, shows this attitude very well, and as the exposure .was nearly 
wo seconds, it shows that no perceptible tremor was present at this stage. 

She could walk without assistance, but the right leg was swung outwards 


BRAIN.—VOL XLVIII. 20 
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rigidly and cleared the ground with difficulty owing to the failure of flexion 
of the ankle. 

No sensory defect could be made out anywhere, and no spontaneou: 
pain was present—after efforts to use the hand or foot there was occasionall) 
some pain, probably caused by strain on the muscles and tendons. 

All reflexes including the abdominal and plantar reflexes were normal. 


Fic. 7.—Case 2. Phoebe B. July, 1923. The photograph is taken with a time 
exposure of about two seconds, showing that no movement took place during that time. 
The contractured position of the right hand and foot are shown, together with the usual 
attitude in standing; the degree of emaciation is well shown. 


Occasionally during her stay in hospital some spontaneous movements we! 
seen in the right upper extremity. They resembled athetosis more than chor 
or tremor: a slow, writhing contraction of the forearm and finger muscles 
with increased rotation inwards of the whole limb at the shoulder-joint, caus: 
the hand to be so inverted that the palm faced outwards and nearly forward 
This movement required some two to three seconds to reach its maximu! 
when the spasm gradually relaxed and the arm and hand reverted to th« 
normal position. At times, during the access of [the spasm, a to-and-fro flex 
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tremor of the wrist was seen, the rate of oscillation being three to four 
o-and-fro movements per second. Athetoid movements were occasionally 
een in the right lower extremity, the spasm being in the direction of increased 
ieformity (rotation inwards at the hip and ankle, with some flexion of ankle, 
oot and toes)—the athetosis here was not accompanied by any tremor. At 
lis stage she always appeared to be able to control these movements by 
ocusing her attention upon them, but they tended to occur at once if her 
.ttention was distracted by conversation, and particularly if she was asked to 
erform a powerful or difficult movement with her left hand. At such times 
1e usual grimace expressive of determination made by a normal patient was 
saggerated but not grossly so. 
The liver could be felt, its edge being hard and rounded and reaching from 
2 to 4 em. below the costal margin. There was no ascites or jaundice. The 
jleen edge was also palpable and was harder than normal. 
A persistent nasal discharge was present, purulent and occasionally flecked 
with blood. The other organs appeared to be normal. 


Fic. 8.—Case 2, August, 1924. The hand is being held horizontally by voluntary power. 
1d shows tremor more particularly of the middle finger; a greater degree of contracture is 
esent than in the previous photograph. Time exposure, two seconds, 


The child remained in hospital for a period of four weeks, during which she 
lowly became worse in her nervous symptoms. The temperature throughout 
is period was irregular, ranging from 97°F. to 99°8°F. The urine was 
rmal and there was neither constipation nor diarrhcea. Appetite was poor 
d lassitude was pronounced. 

An effort was made to determine the liver function, the lwvulose test being 
ed. The blood-sugar before administration was 0°21 per cent.; half an hour 
erwards 0°22 per cent., and in one and a half hours it was 0°26 per cent. 

The story from this stage onwards is one of slow but persistent deteriora- 
n, with occasional periods of remission in which she at least held her own 
d occasionally seemed to improve. She always seemed to be worse when 

temperature was irregularly high, and during the remissions there was 
vays apyrexia. 

On March 10, 1924, the levulose test gave figures (corresponding to the 
ove) of 0'09 per cent., 0°10 per cent. and 0'105 per cent.; at this date neither 





298 ORIGINAL ARTICLES AND CLINICAL CASES 


liver nor spleen could be felt. By August 25, 1924, she was much worse an 
was approaching a bedridden stage. This time she remained in hospital for ; 
period of twelve days, the temperature being mildly pyrexial until the end o 
her stay, when her condition again improved. She was now only just able t 
get about with much personal assistance; the hypertonia was much increase 
on the left side, and so severe in the right arm and leg as to make these limb: 
nearly useless for feeding or walking. The muscles generally were much wasted 
and in the right hand (fig. 8) it was noticed that both athetosis and tremo 
were present, the latter only during attempts at voluntary movement or during 
the progress of an athetoid spasm. Her facial expression had become mor 
vacant. 

For the first time it was now noted that an extensor plantar reflex could 
occasionally be obtained on the right side ; it was, however, of the light variety 
and repeated stimuli during non-athetoid periods soon brought out a flexoi 
response once more. 

In March, 1925, she had a fresh outburst of pyrexia (the temperature rising 
at times to 103° F.) which was believed to be due to influenza, as it was 
epidemic at this period. After ten days the temperature subsided to normal, 
and a further remission occurred. Re-examined then it was clear that hei 
physical capacity was less than on the previous examination. She could now 
no longer stand nor use either hand for feeding herself ; swallowing was a slow 
and difficult process and drooling was persistent ; there was no incontinence. 
The expression of the face was now usually one of pleasurable vacuity and the 
mouth was much more widely open than before. Although uncontrollable 
laughing and crying were not present, both her smile and her expression o! 
distress were abnormally slow to develop and more easily called forth than in 
the normal child, and there was always an element of the grotesque in each. 

Some contracture was now present in her arms (figs. 9, 10 and 11), both o! 
which were hypertonic and held to the sides flexed at the elbow. No tremoi 
was present when at rest, but an attempt at gripping with either hand cause: 
tremor of a flexion-extension excursion to occur at the wrist-joint, particularly 
of the wrist which was not being voluntarily put into action. Such tremor as 
there was during this action was far less rhythmical and more jerky than is 
seen in most cases of this disease; athetoid movement had now largely ceased, 
and passive movement, which always increased her rigidity, was so painful 
that no prolonged tests could be made. 

The legs had deteriorated to an equal degree as the arms. They were thi! 
though not locally wasted; hypertonia and occasionally some tremor wa 
present, but no athetosis or choreiform movements were now seen. 

The trunk muscles shared in the general rigidity, but the abdominal reflex: 
were present. Some kyphosis had developed, and she could no longer sit 
in bed without support. 

Her mental condition was clear, but of a childish type. She obvious! 
understood simple questions, but the dysarthria was so gross that her mot! 
or the ward sister were alone able to interpret the reply. The act of swallowi: 
was difficult, fluids and some semi-fluids alone being taken. 
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The plantar reflexes were again flexor in type, and the other reflexes were 
nchanged. The liver was not palpable throughout her stay in hospital 
twelve weeks). 

At this stage various efforts were made by my house physician (Dr. A. J. 
Javies), and our clinical pathologist (Dr. W. T. Hillier), to determine the liver 
fficiency ; all of them gave normal results. No urobilin or urobilinogen was 
ound in the urine, and the ammonia coefficient was 1°5 per cent. A test meal 
vas given to determine whether any acid was present in the gastric juice; it 
howed that hydrochloric acid was present in normal amount. It should be 


Fig. 9.—Case 2, December 1924. She was unable to sit upright without personal assistance, 
and some tremor of the head had developed. The left hand shows contracture now. 


stated that these tests were all carried out after an apyrexial period of six 
weeks. 
Since this period there has been little change, and no further decline in 
health was noted in June, 1925. She was re-examined in July, 1925, and no 
bstantial change in her nervous condition was observed, with the exception 
iat the flexion-extension tremor of the right wrist was more pronounced, 
tough it occurred only when active voluntary movement was attempted, 
ther by that limb or by any other. No athetosis or chorea was present. 
This opportunity was taken to have her carefully examined for the presence 
absence of the Kayser-Fleischer line. Nothing had been seen by the use 
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of ordinary methods, but Mr. Harrison Butler kindly undertook an examinatio: 
by the slit-lamp. This was accomplished with great difficulty owing to th: 
child’s contractures and the difficulty of keeping her still in the necessar 
position. Mr. Butler reports as follows :— 


Fig. 10.—Case 2, December, 1924. 


Fic. 11.—Case 2, December, 1924. Shows the decubitus and the absence of tremor 
when at rest. 


“The girl Phoebe showed the Kayser-Fleischer ring in the right eye but 
not in the left. 
“The slit-lamp examination was very difficult on account of the general 








The upper drawing represeuts the anterior aspect of the eye as seen with the loupe, and 
shows the delicate golden glow upon the lower portion of the iris. 

The lower coloured drawing shows the Kayser-Fleischer ring as seen with the slit-lamp. 
The beam of the lamp in passing through the cornea illuminates a sinuous block of cornea 
generally called the corneal ** prism,” with a curve mainly convex but reversed at the limbus. 
The anterior or epithelial surface is to the left, and is normal. On the right is the posterior 
or endothelial surface, which shows a granular pigmentation, brown above (near the limbus) 
and gradually becoming yellow and fading away towards the centre of the cornea, being 
longer perceptible just central to the line where the cornea is scen crossing the inner edge of 
the iris. The corneal nerves shown on the prism are normal in aspect and are not increased 
in number.—(T. Harrison Burcer.) 
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mdition of the child, and because there was at times considerable movement 
{ the eyes. It is therefore possible that there may be traces of the ring in 
he left eye, but I did not see them. 
‘ Examined with the focal illumination of a half-watt lamp and the simple 
yupe magnifying about six times, there was no sign of the ring, but I noted 
that when light was thrown obliquely from above upon the iris, so that the 
ight passed through a considerable thickness of the cornea at its lowest 
eriphery, the lower part of the iris had the appearance as though the evening 
in were shining upon it; there was a most unmistakable golden glow. 
ut for the difficulty in the examination I have no doubt that I should have 
en the actual ring with the loupe. 
“ Examination with the slit-lamp and the corneal microscope under a magni- 
cation of 23 showed that the posterior surface of the cornea was pigmented 
bove and below, but I was not able to see any pigmentation at the lateral 
spects. Again the difficulty of the examination may have prevented me from 
iscovering the pigment in this situation. The pigment was yellow towards 
1e centre of the cornea, golden-brown at the periphery. The extent of the 
ing was from the periphery to about one-fifth of the diameter inwards. The 
ppearance seen was exactly that described by Kayserand others. The corneal 
ndothelial cells were well developed and normal. The Hasal-Henle ‘ craters ’ 
vere present as in the normal cornea.”’ 
In view of the rarity of the zone being observed in Wilson's disease, and 
f its appearance being so little known in this country, Mr. Harrison Butler 
as kindly made two coloured drawings of the slit-lamp arrearance in this 
ase (see Plate). 
Summary.—aA normal girl in the first eight years of her life. She then had 
febrile illness with transitory jaundice. During the next three years she 
iffered from repeated attacks of vomiting, in some of which haematemesis 
curred. At the age of 10 nervous symptoms began to be manifest. At the 
ge of 11 she was admitted to hospital with definite nervous disease; at this 
ime the liver was enlarged to palpation and a slight febrile reaction was present. 
Nine months later the liver was no longer palpable but the nervous condition 
vas much worse. When 13 years old a fresh outburst of pyrexia occurred ; 
he had now reached a bedridden stage. During the last three months no 
aterial change has taken place. Corneal pigmentation is present in the 
ight eye. 


Case 3.—Elsie B. History.—This member of the B. family was examined 
vith the others early in 1923 by Dr. Cochrane. At that time she was 7 
ears old and showed no evidence of disease of any sort, the nervous system 
nd liver being particularly examined. 

During the latter half of 1923 she began to suffer from intermittent © sick 
imns”’ in which she would shiver, vomit and complain of headache for periods 
f a few hours; the attacks occurred at intervals of a month and were looked 
pon as © bilious attacks” (migraine). An attack of this type began on 
Yecember 24, 1924, without obvious cause, and on this occasion was more 
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severe and prolonged, and accompanied by fever. On December 25 she was 
noticed to be jaundiced; she complained now of abdominal pain and noises in 
the head and still vomited. On December 26 the abdomen began to swell, 
and this swelling increased though the vomiting was ceasing. On December 31 
a sharp attack of pain in the left side was again accompanied by vomiting, the 
rejected fluid being of a dark yellow colour with a sour odour. The pain 
extended from the left costal margin completely across the abdomen, and was 
intensified by taking food. Neither diarrhea nor constipation was present 
during the acute illness. 


Fic 12.—Case 3. Elsie B., January, 1925, Pre-nervous stage, with ascites. 


State on admission (December, 1924).—She was a girl of average develop- 
ment for her age (8) and was neither unduly fat nor thin; there was no indica- 
tion of wasting (fig. 12). She lay placidly in bed with no evidence of pain 
The conjunctive were definitely yellow, and an icteric tint of a light type wa 
universal. 

The teeth as a whole were good, one tooth only being carious; the gun 
were free from pyorrhcea. The tongue was clean and not furred, and t 
fauces were normal, The abdomen was uniformly distended with a moderat: 
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mount of free fluid (estimated as about 40 oz.) which was sufficient in 
juantity to prevent any accurate examination of the viscera; it was, however, 
ossible to feel the spleen about 14 in. (4 em.) below the costal margin during 
eep inspiration, and by “dipping” to make out that the liver extended to 
bout an inch below the ribs. The upper border of the liver was determined 
y percussion to lie at the level of the seventh rib in the mid-axillary line. 
‘here was no pain on light palpation of the abdomen. 
There was no evidence of disease in the heart or lungs. The blood-pressures 
ere 118 (systolic) and 60 (diastolic). The urine was of a dark-reddish colour, 
ve the reaction for bile pigment, had a gravity of 1030 and contained a lights 
cloud of albumin, but no sugar. There was no deposit, and no casts or crystalsg 
ere found with the microscope. , 
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Fig 13. Case 3.—Temperature chart showing the irregular pyrexia present. 


The nervous system was normal throughout. No record was made of the 
presence or absence of pigment in Descemet’s membrane. 

A blood-count showed: red cells 4,100,000, white cells 32,000, haemoglobin 
60 per cent., colour index 0°75 

This was her condition when on January 10, 1924, she was shown at the 
Neurological Section in London, together with her brother and sister. 

Progress—From the first day of her admission, some degree of fever had 

m present. As a rule this was of moderate degree, ranging from 98° to 
100° F. during the twenty-four hours, and only occasionally reaching 102° F. 

e highest temperature was usually reached in the evening. No evidence of 

ease elsewhere than in the liver could be found as a cause of the fever, 

ich, despite minor fluctuations, remained of about the same degree throughout. 
The ascites, after apparently subsiding a little, increased rapidly about January 24, 

lon January 27 some cedema of the ankles and cardiac distress were present. 





304 ORIGINAL ARTICLES AND CLINICAL CASES 


On January 28 the abdomen was tapped and 140 oz. (four litres) of fluid wer 
removed. During the next few days much vomiting and prostration occurred 
By February 6 a large ascites had again accumulated, and the superficia 
abdominal veins were engorged, but no cedema of the legs was present. 
second paracentesis on February 9 removed 80 oz. of straw-coloured liquid, but 
she was very much collapsed at the end of the operation and died a few hours 
later. 

During her stay in hospital a levulose test showed very severe impairmen 
of liver function. The percentage of sugar in the blood before administration 
of levulose was only 0°0625 per cent.; but after 30 grm. of levulose had bee: 
taken by the mouth, the percentage rose to 0°26 per cent. in one hour and to 
0°3 per cent. in two hours. 

Tests for fragility of the red cells were also carried out by Dr. Hillier - 
complete hemolysis occurred in 0°25 per cent. sodium chloride solution, incom- 
plete in 0°3 per cent. ; a trace in 0°45 per cent. and none in 05 per cent. This 
result was interpreted as being within normal range. 

Summary.—Elsie B., aged 8, was normal till she reached the age of 74 
Then began to suffer from attacks of “migraine ’’ lasting one day or less and 
occurring at intervals of about one month. A severe “ migrainous attack” o1 
December 24, 1923, passed on to a condition which was considered to be acuté 
hepatitis, in which vomiting, jaundice and ascites were prominent symptoms. 
No signs of nervous disease. Death after seven weeks’ illness. Evidence of 
severe loss of metabolic efficiency of the liver was obtained, but the fragility 
of the red cells was normal a few days before death. 


4 


PATHOLOGICAL EXAMINATION. 


The autopsy was conducted seven hours after death. 

The brain showed no abnormality except that there was, perhaps, som: 
widening of the perivascular spaces in the putamen. Otherwise there was 1 
evidence of shrinkage of the tissues in this region (fig. 14). 

The peritoneum contained about three pints of bile-stained serous fluid. 

The liver weighed 600 grm. and was of a mottled-yellow colour ; the surface 
was studdedjwith small nodules (fig. 15). On section of the organ areas of liv: 
tissue varying in diameter from 1 to 4 mm. were seen to be separated by bands 
pinkish-grey connective tissue which varied in width from 1 to 3 mm. T! 
liver substance was markedly fatty and distinctly jaundiced. 

The spleen was 200 grm. in weight, firm in consistence and deeply congest: 
There was, however, no notable increase in connective tissue. 

The kidneys, which weighed 120 and 90 grm. respectively, were somew! 
fatty. 

The alimentary tract was congested and cedematous, but there was 
evidence of ulceration or inflammation. 

Nervous system.—The brain was treated in the same manner as in Case | 

Microscopically certain regions of the brain showed degenerative process: 
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Fic. 14.—Cross-sections of the basal ganglia of Case 3. There is no obvious 
abnormality of the lenticular nuclei. 


Fic. 15.—Photograph of the liver in Case 3, showing the nodular surface of the organ. 
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in the nerve-cells. These were definitely more advanced, and of a very much 
more severe type in the putamen of the lenticular nucleus than elsewhere. 

In that region the large nerve-cells were decreased in number as compared 
with those of a normal child of the same age. The remainder stained diffusely 
or irregularly; in the latter case parts of the protoplasm were intensely 
basophil, while others had become completely decolorized. No normal) 
arranged Nissl substance was present. The cell margins were very ragged, 
the nuclei eccentric and shrunken, and the nuclear membranes indistinct. 
Satellitosis was very common and neuronophagia of the more severely damaged 
neurons was in progress. The small nerve-cells had undergone somewhat 
similar changes ; no longer of sharp and regular contour, the clear protoplasm 
had become granular and woolly in appearance and the nuclei were degenerated 
in the manner already described. 

There was no noticeable increase in the numbers of neuroglial cells, but 
there was a distinct tendency to hypertrophy of those present ; this was never 


Fic. 16.--Drawing depicting an unusual type of neuroglial cells met with in Case 3, 
the nuclei of which are extremely poor in chromatin. Two normal neuroglial cells are 


shown for comparison. 


of more than moderate degree. In addition a peculiar type of neuroglial cell 
was of very frequent occurrence and was derived, apparently, from that type 
which usually possesses a nucleus poor in chromatin, since various stages in 
the development of these cells were seen (fig. 16). The outlines of the cell body 
were not visible as were those of the elements with darker nuclei. The nuclei 
tended to swell and at the same time to become paler, with all their chromatin 
collected into one or two intensely staining granules. The nuclear membrane 
became increasingly indistinct and finally, when the nucleus had attained a 
diameter of two or three times the normal, the membrane disappeared, leaving 
a granule or granules representing the aggregated chromatin lying free in the 
tissues. 

With the exception of a few granules of lipoid in the capillary endothelium 
there were no collections of Scharlach-staining products of degeneration in the 
putamen, but in the external capsule a few of the Virchow-Robin spaces 
contained granular corpuscles loaded with lipoid. 
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The vessels showed plugging of the lumina with bacteria, a condition 
resent in most regions of the brain, and obviously to be regarded as merely 
. terminal event. Otherwise they presented no abnormality. Mulberry-shaped 
legeneration bodies were present here as in the preceding case and gave the 
ame reactions. Apart from the iron contained in these, the iron-content of 
he putamen was normal. 

In the globus pallidus the condition of the nerve-cells was very different. 
Here, the majority of the neurons were very well preserved, possessing 
ormally disposed Nissl substance, and only a few showed early degenerative 
hanges. Mulberry bodies were present; otherwise the iron-content of this 
egment of the lenticular nucleus was normal. In the caudate nucleus a 


Fig. 17.—Low-power view of the liver in Case 3. The fibrous tissue is more diffuse 
than in Case 1, and invasion of the liver lobules is a conspicuous feature. 


rather more advanced degeneration of the large nerve-cells was observed 
which, however, was but slight in comparison with that in progress in the 
putamen. The thalamic neurons were normal. In all these regions the pale 
neuroglial nuclei already described were encountered, though their numbers 
vere not very great. 

In Weigert-Pal preparations there was no evident degeneration in the 
internal or external capsules, or indeed in any fibre systems except the radiating 
tibre tracts of the putamen which were somewhat paler than normal. 

In the cortex some of the nerve-cells were slightly swollen, with a tendency 
omesh formation or actual vacuolation of the protoplasm and irregular staining 
vith toluidin blue. Their outlines were often ragged; satellitosis was common 
<nd neuronophagia occasionally observed. The nuclei were displaced from the 
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centre of the cell and were darker than normal. Sometimes, however, th 
whole cell, including the nucleus, was stained feebly and was almost phantom 
like. Nevertheless, the changes here did not approximate in intensity t 
those in the putamen. The neuroglia presented changes similar to those in 
the putamen, the pale nuclei already described being fairly numerous in thx 
cortex. In sections stained with Scharlach R. granular corpuscles with fatty 
contents were seen around some of the subcortical vessels and fat was als: 
present here and there in the capillary endothelium. 

The brain-stem, cerebellum and spinal cord were normal. 

The liver appeared very different from that in the preceding case, and the 
impression given was of a healing subacute yellow atrophy rather than of a 
ordinary cirrhosis (fig. 17). 
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Fig. 18,—High-power view of the liver in Case 3. The liver cells are arranged in small 
groups separated by strands of cellular connective tissue. 


A few comparatively normal lobules, showing only slight fatty change, wer 
seen, but the majority were much more severely damaged; when staine 
with Scharlach R., these appeared as bright orange-red patches, for nearly 
every cell contained a larger or smaller amount of fat in the form of fine 
medium-sized or large droplets. Some cells consisted of little else than 
large drop of fat surrounded by the thinnest possible rim of protoplasi 
containing a much compressed nucleus. Generally speaking the most intens 
changes were found in the central parts of the lobules, which in one or tw 
instances seemed to be on the verge of disintegration. But very occasional! 
the centre of the lobule was comparatively normal, and there was a zone « 
fatty degeneration at the periphery. Often there were, in the peripheral par‘ 
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if the lobule, a few cells larger than normal with two nuclei or one nucleus 


veral times the normal size. 

In other areas liver tissue existed without definite lobular structure, the 
lls lying in groups of two or three separated by thin strands of fibrous tissue. 
[any of these were intensely fatty and probably represented the remains of 
n extensively damaged lobule. Others, again, were shrunken considerably ; 
uch cells existed both in isolated groups and around some of the liver lobules. 
ltogether less than half of the liver substance was arranged in lobular form, 
1e remainder consisting of scattered groups of cells and fibrous tissue (fig 18). 

The fibrous tissue was very vascular and fairly cellular, and was infiltrated 
1 places with round cells, eosinophil cells and plasma cells. Numerous small 
le-ducts were present and a series of intermediate stages between the liver 
lls at the periphery of the lobules and the cells of these ducts could be 

traced. Many of the small ducts were filled with a bright apple-green homo- 
eneous substance which could also be followed between the liver-cells in 
the lobules. 

After removal of the fat by acetone, a greenish-brown pigment remained 
» some of the liver-cells; it did not react to iron stains and possessed similar 
roperties to that described in the previous case. 


Case 4.—Daniel B. Previous history.—In 1923, when the first member 
of this family was definitely found to be a subject of lenticular disease, 
1y then house physician (Dr. Cochrane) kindly visited the patient’s home and 
examined all the other children. Amongst them was Daniel (then aged 6) ; 
the only abnormality found on that occasion was that the liver was palpable 
helow the costal margin, and that it was too hard. The spleen was not 
palpably enlarged. 
About January, 1924, when 74 years of age, he had an attack of vomiting 
vhich lasted several days; during this time his mother says he “ went a nasty 
‘olour,”” which was not exactly yellow but had a “ suggestion of a pale yellowish 
tinge.” He was feverish, and for a few days the faces were pale yellow and 
frothy, like barm.’’ He recovered from this attack in a few days, and was 
isonably well thereafter till December, 1924. A week before Christmas, a 

severe attack of vomiting occurred; he vomited about every hour for two days, 
id had diarrhoea with feces of the same type as in his previous attack. No 
ematemesis occurred. His only pain was in the mid-axillary line near the 
stal margin on the right side. After the first two days the vomiting ceased, 
it nausea was continuous and he lost some weight. 

His mother states that a year ago (before his first vomiting attack) his 
yntal condition was normal for a boy of his age, but that ever since he seems 
have been more backward than he should; he was constantly in trouble at 
hool for his incapacity to learn, and if sent by his parents on an errand was 
ble to return without having accomplished his mission, by reason of failure 
memory. His mother has also noticed that during the last month— 

(1) “ He dashes about in an unrestrained manner, climbing everywhere.”’ 
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(2) “ He laughs like « nigger,” presumably meaning that his laugh ha: 
changed in character, and is roused by trivialities; occasionally it occur 
without any obvious reason. 

(3) Any remonstrance from his parents causes unrestrained fits of crying. 

(4) He cannot sit still in a chair; he fidgets more than he used to do. 

(5) He makes fanciful but untrue statements, as for instance “I have jus 
seen a man run over outside.” 

(6) He has become intensely inquisitive, wanting to touch, manipulate and 
investigate anything that meets his eye. He is destructive to books, paper: 
and toys. This is a new trait in his character. 

(7) His sleep is disturbed. By night he tosses about, reducing the be 
clothing toa state of chaos. He is always restless by day, when it is impossible 
to make him either rest or sleep. 


Fic. 19.—Case 4, Daniel B. Facial appearance in the pre-nervous stage. 


There has been no difficulty with getting him to take food. 

It was at this stage that he was brought to the General Hospital, and o: 
account of the family history he was admitted on January 6, 1925. 

State on admission.—He was a rather poorly nourished boy, aged 8 years, 
and weighed only fifty-two pounds. The general aspect of the face wa 
somewhat vacuous (fig. 19). He was not shy and responded reasonably to simp! 
questions, speech being normal in character but rather slow. It was, howeve 
obvious that his intelligence was not up to the average standard of a boy of hi 
age. His gait was within the limits of the normal; he walked freely and easi! 
without assistance, but with a suggestion of self-consciousness which may hay 
been due to very early nervous damage. His mother thought he was going © 
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he same direction as his brother and sister,” so far as gait was concerned ; but 
she was probably hypercritical, and had become pessimistic about her children. 
No defect could be made out in his musculature, nor in his capacity for putting 
1is muscles into action. The associated movement of the face when attempting 
powerful grip was perhaps a little more expressive of a leer or sneer than of 
etermination, but was nevertheless well within the limits of normal variation 
, expression. No tremor, athetosis, muscular spasm or rigidity was present. 
Yo pigmentation of Descemet’s membrane was seen by a naked-eye examination 
ith good illumination ; as however his iris was very dark, a minor degree of 
pigmentation might have been present without being appreciated. 
An examination of the stomach contents was made, and the degree of acidity 
resent in the fasting juice was 004 per cent. for hydrochloric acid and 
0°14 per cent. for total acids. He took the tube with difficulty and it was 
impossible to plot out a fractional curve as he vomited the cesophageal tube 
within a few minutes. 
The liver was definitely enlarged downwards, the edge being felt nearly 
wo inches below the costal margin during deep inspiration, and being much 
harder than normal. 
Van den Bergh’s reaction was performed on one occasion; the serum gave 
no direct reaction and the indirect reaction was feeble (Dr. W. T. Hillier’s 
bservation). The blood-sugar, also estimated by Dr. Hillier, gave a percentage 
of 0°12; after the administration of levulose the two estimations were after 
one half hour 0°10 per cent., and after one hour 0°12 per cent. 
On July 10, 1925, he was examined by the slit-lamp in order to determine 
whether any Kayser-Fleischer line was present. Mr. Harrison Butler sent me 
report to the effect that he showed no sign of corneal pigmentation 
when examined either with the loupe or with the slit-lamp and corneal 
microscope. 
Summary.—Examined on account of the family history in 1923, he appeared 


to be a normal boy of 6 years of age, with the exception that the liver was 


ther large and hard. 

At age 73, a severe attack of vomiting lasting several days, with slight fever, 
diarrhoea, altered colour of faces, and an altered colour of the tissues which 
may have been icteric. Recovery was apparently complete. 

At the age of 8, recurrence of the above symptoms in acute form, with slight 
fever. During examination in hospital, no evidence of failure of metabolic 
activity of the liver could be determined by the Van den Bergh or by the lxevulose 
test, but the liver was large and hard. 

After recovery from the acute attack, examination of the nervous system 
was negative, although his mother (an acute but pessimistic observer) thought 
that he had changed during the last twelve months for the worse in character 
and habits, and that his walking was deteriorating. 


BRAIN.—VOL,. XLVIII, 
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CLINICAL SYMPTOMS. 


The nervous symptoms first described by Wilson [45] in progressive 
lenticular degeneration constitute a group which he considered to lx 
characteristic of lenticular damage. Essentially they were “generalized 
tremor, dysarthria and dysphagia, muscular rigidity and hypertonicity 
emaciation, spasmodic contractions, contractures, emotionalism. Theré 
are also certain mental symptoms . . . and a certain facility o1 
docility . . . The mental symptoms may be very slight and are 
sometimes absent.’ In another portion of his monograph, he sums u; 
the clinical symptoms thus :— 

‘“‘In pure, uncomplicated, bilateral lesions of the lenticular nucleus, 
and more generally of the corpus striatum, provided they are of sufficient 
size and of adequate duration, the clinical symptoms are bilateral 
involuntary movements, practically always of the tremor variety 
The reservation implied in the last clause evidently referred to the cases 
of Gowers [13, 14], Ormerod [28], and Homen [18], in all of which 
tonic and clonic spasms rather than tremors were the outstanding 
features of muscular action. In Gowers’ first case the description as 
originally given by him in his “ Diseases of the Nervous System ” [13 
under the title “‘ Tetanoid chorea’”’ is worth quoting in full, for Gowers, 
an unusually acute clinical observer, gives a very graphic picture of the 
movements in this case. The description is as follows :— 

‘“* A case was recently under my care that presented symptoms inter- 
mediate between those of chorea and of tetany. The disease was fatal 
and no lesion was found after death. The patient was a boy, aged 10 
A brother was said to have died from some affection similar to that 
from which this boy was suffering. There was a history of three other 
relations having suffered from maladies resembling chorea. In thé 
patient the symptoms commenced gradually, seven months befor 
death. They consisted of tonic spasm, which was continuous, and 
varied by paroxymal attacks of a similar, but more intense, spasm. 
The face was involved on both sides, so as to cause a constant peculiai 
smile. The tongue was pressed back against the palate in such a 
manner as to impede swallowing and prevent speech. The arms wer 
extended, pronated and rotated inwards, so as to bring the back of the 
forearm outwards, whilst the fingers were generally slightly flexed at al 
joints, but at times were extended and slowly moved in the irregula 
way characteristic of athetosis. The legs were extended at all th 
joints, the feet being overextended in talipes equinovarus, and the tos 
were flexed. At times the spasm at the hip became flexor, so that th: 
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extended legs were raised off the bed. The muscles of the trunk were 
also involved in the spasm. At first the left side was the more severely 
atiected, but afterwards the spasm became equal on the two sides. The 
electric irritability of the muscles was normal and there was no 
mechanical excitability of the nerves. There was considerable pyrexia 
during the more severe stages of the disease. The boy steadily 
emaciated, and died from exhaustion. The whole central nervous 
system appeared normal to the naked eye, and no distinct morbid 
appearances could be discovered on microscopical examination. I have 
not been able to find a description of any quite similar case.” 

The case was later republished by Gowers [14], still under the title 
of ‘ Tetanoid chorea,” and with the addition of a second case, sister to 
the first one. In the latter, the symptoms are again described as being 
chiefly spasmodic or tetanoid, but occasionally tremor of the tongue and 
at the hips and knees occurred. 

l'remor.—No one reading the above account (of Gowers’ Case 1) can 
fail to be struck by the close resemblance of the symptoms to those 
which have been described in our Case 1. Spasm of a type which gave 
rise to writhing movement, involving a whole limb or even the whole 
body, was characteristic of both cases ; in neither was there any move- 
ment which could justly be called tremor. But in his Case 2, as in our 
Case 2, occasional tremors were seen in addition to the tetanoid spasms ; 
it is a point of some interest that the cases showing such tremors were 
both girls, in whom the course of the disease was of longer duration than 
in the cases of their respective brothers. 

If therefore we accept Gowers’ second case and our own Case 2 as 
being correctly grouped with Wilson’s own cases, clearly we must also 
assume that their corresponding brothers, who showed little or no 
tremor (our own, none at any stage), were cases of the same disease. 
The importance of this conclusion lies in the fact that there is still 
some doubt as to whether tremor is not a constant symptom of 
lenticular disease whenever the motor cortex is functioning fairly 
normally. In our case there was never any evidence of severe cortical 
disease, and even post mortem, after a blazing tetanoid attack lasting 
nearly twenty-four hours, the degenerative signs in the cortex were 
comparatively light in degree. We therefore believe that in cases of 
lenticular disease tremor may be absent and its place may be taken by 
athetosis. 

[t will be noticed that Gowers refers to the movement in his case as 
choreiform ; we have described ours as athetotic. The contrast in 
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Gowers’ cases, together with such pictures as are available, drives us t 
the conclusion that we are both describing the same phenomenon 
different words. We prefer the term athetoid because as a rule th 
complicated movement was of a slow writhing type, and not of t! 
quick, jerky character seen in Sydenham’s chorea. 

The tremor described by Wilson as characteristic of his cases w. 
essentially distal, and in our Case 2 the same observation was mad: 
But in many other cases now published, notably those of Hall [17] an 
Striimpell [38, 39], it was proximal in type and tended to affect t! 
neck and shoulder groups rather than the fingers. In some cases t!} 
tremor has been of the “ intention” type, that is to say, the excursio1 
were lateral and tended to become wider as the limb neared the com 
pletion of the intended action. In others it has been a rhythmic tremor 
present during rest, and capable of being controlled for at least a fey 
moments by voluntary effort; in such cases the result of volitional 
activity has usually been to bring out a well-marked intention tremor o! 
wide excursion. 

Despite the varieties of tremor seen, no proved case of progressiv: 
lenticular degeneration has yet shown a tremor of the type usually 
seen in paralysis agitans, where tremors at (voluntary) rest and cessation 
of tremor during action is the rule. 

It thus appears that the tremor which occurs in progressive lenti- 
cular degeneration may occur at rest, may occur only with voluntary 
movement and be of the “intention” or “action”’ type, or may lb: 
completely absent. The explanation is extremely difficult and much 
more investigation is necessary before a complete understanding of th: 
reasons is possible. In the main it appears that the tremor only occurs 
when some voluntary effort is made either to move a limb or to maintain 
it in a specified position, as opposed to tremor which, in paralys 
agitans, exists at voluntary rest. It may be that the cortex has such 
difficulty in overcoming the rigid resistance of the hypertonic muscles 
that the resultant action is only intermittent and thus gives rise to 
rhythmic tremor. On the other hand, when the cortex is not acting 
is clear that no tremor occurs such as is characteristic of the Parkinson 
syndrome. 

The work of Ramsay Hunt [21] suggests that the latter conditi: 
is due to damage of the globus pallidus, which in our case was on 
slightly diseased. It may be that the absence of damage in this situa- 
tion accounts for there having been no tremor, and that the sever 
damage of the putamen was the cause of the clinical symptoms 





HEPATO-LENTICULAR DEGENERATION 315 


athetosis and rigidity. This agrees with the observations of Anton [1] 
and Madame Vogt [41], who also came to the conclusion that the 
characteristic features of putamen disease were double athetosis, 
generalized rigidity and dysarthria. 

Dysarthria and dysphagia.—These symptoms, and especially the 
former, Were present in our cases as they have been in most of the 
proved cases of lenticular disease. The clumsiness of speech and diffi- 
culty of pronouncing labials have occurred early, and it may even already 
be present in our Case 4, though at present articulation is not so far 
abnormal as to be recognized as evidence of disease. Both defects 
appear to be due to a difficulty of overcoming resistance in the muscles 
involved in the necessary movements, and in this sense correspond 
exactly to the defect in motility in the limbs. The character of the 
speech, with its slow drawl and tremorless monotone, and with occa- 
sional explosive outbursts (in the earlier stages), contrasts with the 
equally monotonous and often slow speech of Parkinson’s disease ; for 
in the latter staccato elements are rare or absent, and the mouth 
remains only imperfectly opened. The widest contrast, however, is 
seen in the facial expression during speech, for in the cases we are 
describing efforts at speech call forth facial movements of an exagger- 


ated type, whilst in paralysis agitans even the normal associated 


movements of facial expression are largely blotted out. 

The facial expression in repose also contrasts forcibly with that seen 
in the Parkinson syndrome. In our type the general expression (fig. 7) 
is of pleased vacuity, the lower part of the face showing the greater 
departure from the normal; but in paralysis agitans all expression is 
largely lost, and only a suggestion of mournful expectancy remains. So 
constant are these contrasts that we have no difficulty in agreeing with 
Wilson that they cannot be dependent on identical lesions. 

Hypertonus.—The two of our cases in which nervous symptoms 
developed to a serious stage both manifested a high degree of hyper- 
tonus, such as has been characteristic of all the cases described. In 
the earlier stages the resistance to passive movement was hardly above 
normal; in the later stages it became considerable, and in the pre- 
moribund stage in Case 1 it became intense. One observation made in 
our cases is worthy of attention, namely, that at one stage, when 
hypertonus was well developed and resistance to passive movement was 
considerable, this resistance tended to become less and less as the 
passive movements were rhythmically repeated, but recurred after a 
few minutes of rest. This observation agrees with that of Hall [17], 
who found the same feature in two of his cases. 
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The fact that one of our cases showed an extensor plantar reflex 
the more severely affected side corresponds with the pathological findin. 
of neuronal degeneration in the cortex ; clinically it was accepted by 
as indicating that the lenticular lesion was not a pure one. At t) 
same time it needs emphasizing that the reflex was tested in the m 
delicate position, and that, with the knee bent, plantar excitation always 
gave rise to a flexor response; there existed, in fact, that delicat 
balance between flexor and extensor responses which one of us h 
described as “ pyramidal equilibrium” [2]. The other reflexes, mo 
particularly the abdominal, were consistently of normal character, unti! 
rigidity reached such a high grade as to make the observation of refl 
movement valueless. The inference drawn was that in our cases such 
pyramidal disease as was present was of slight degree, and insufficient 
to affect materially the clinical picture. 

An interesting early feature of Case 1 was the myotonic grip; th 
was so similar to that which is usually seen in Thomsen’s disease that 
some doubt as to the diagnosis existed in the mind of an observer who 
was equally familiar with progressive lenticular degeneration. This 
proved to be a transient symptom, not present at a re-examination three 
months later, and not observed in other members of the family. 

Other nervous symptoms.—The loss of emotional control so dominant 
in many cases of Wilson’s disease was present in our cases only to a 
slight degree. On account of the difficulty of communicating with them 
and of their lack of education owing to prolonged absence from schoo! 
it was not possible to determine how far this emotional expression was 
a true index of feeling. The mental state of the patients, as far as could 
be ascertained, was backward but otherwise normal, neither undv« 
depression nor abnormal exaltation occurring. 

Emaciation in both Cases 1 and 2 was severe ; it was not possible to 
determine how far it was the result of dysphagia or of cirrhosis of th: 
liver. 

Contracture developed, as expected, at a moderately advanced stage 
and resembled that described by previous authors. No fit or convulsion 
of an epileptic character has occurred in any of our cases. 

Attention is drawn to the extraordinary symptoms present in ou! 
Case 1 during the period immediately preceding death. The clinical 
observer (S. B.) has had a large experience in observing cases of tetanus, 
and was struck by the almost exact similarity of the symptoms in this 
case to those occurring in the later stage of that disease. Had 
child not been observed beforehand we are certain that the dis: 
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would have been wrongly diagnosed as true tetanus, for the rigidity, the 
spasms produced by any apparent stimulus, the expression of anxiety, 
the sweating and pyrexia, combined to give a perfect picture of a patient 
in the throes of tetanus. It is unfortunate that no photograph is avail- 
ible of his condition at this period, but a full note was taken and is 
ncluded in the clinical account. 

Comparing the case with that of torsion spasm described by Blandy 

3], it is interesting to note that, despite a general resemblance in that 
oth suffered from severe persistent hypertonus accompanied by intense 
spasms, 1n our case the attitude was forward flexion of the head on the 
trunk, whereas in Blandy’s case the head was drawn backward ; in our 
ase the legs were greatly affected by the spasm, and in hers hardly at 
all; the arms adopted the same position in both cases (extension and 
pronation). 

We take this to mean merely a difference in the anatomical position 
f the damage, that in our case the lenticular control (release) of the 

extensors of the neck and back was less affected than the flexor control, 
and vice versa in Blandy’s case; in each case both flexor and extensor 
action was damaged, but on balance the severer damage was present in 
different portions of the nucleus in the two cases. 

The symptoms which occurred in Case 1 suggest an interesting 
speculation as to whether the cause of death in tetanus is not also a 
physiological obliteration of the lenticular nuclei and adjacent struc- 
tures. The generally accepted theory that tetanus results from an 
irritation in the lower spinal reflexes is surely untenable in the face of 
these cases. ‘The widespread nature of the spasms and the grouping of 
the muscles involved strongly suggest a damage at a much higher level, 
and that death occurs in this disease because the extrapyramidal 
control normally exercised through the basal ganglia and adjacent nuclei 
has been cut off by a paralysis of their activity. 


THE LIVER. 


All those who have described cases of hepato-lenticular degeneration 
have been struck with the severity of the cirrhosis of the liver con- 
trasted with the paucity of clinical symptoms to which the liver 
disease had given rise. In fact, in the majority of cases no conclusive 
-vidence that any disease of the liver existed -had been obtained until 
1 post-mortem examination was made. Thus in all Wilson’s [45] 
vases liver symptoms were either absent, or slight and transitory. 
Gowers’ cases [13, 14] of “ tetanoid chorea” and Ormerod’s case [28] 
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were without any history pointing to liver damage. Hadfield’s case [16 | 
suffered from no liver symptoms; Hall’s cases in no instance gave 
unmistakable clinical signs of liver disease. On the other hand, 
Jendralski’s [23] family of four cases (out of eight children) corre- 
sponded very closely in type and history to those recorded here; in fact 
one of the cases, after developing a Kayser-Fleischer ring, died of 
ascites and cirrhosis of the liver before any nervous sign had developed. 
In Kraupa’s case also [26] jaundice was present for two years. 

Other symptoms suggestive of alimentary disturbance, but not defi- 
nitely pointing to the liver, have very frequently been recorded without, 
we think, due weight being accorded to their presence. These are 
attacks of diarrhoea and vomiting, migrainous headaches, hematemesis, 
epistaxis, occasional glycosuria and urobilinuria, and an irregular type 
of pyrexia which we think is caused by the acutely progressing hepatic 
disease. 

Of our four cases, Case 3 died before any demonstrable nervous sign 
arose, and with a severe degree of ascites and some albuminuria. The 
subsidiary symptoms had been “ bilious attacks,” i.e., intermittent 
attacks of vomiting associated with headache and nausea, feverishness 
with a definite rise of temperature, and some costal pain. It was after a 
severe acute attack in which these symptoms predominated that the 
ascites began to accumulate, and the latter, together with the toxic effect 
of the liver damage, was the cause of her death. Case 1 (F. B.) also 
developed obvious signs of liver disease before any nervous damage 
arose; when he was 5 years old, and five years before his death, he had 
an illness in which attacks of vomiting (including hematemesis), probably 
light jaundice, certainly ascites (which was tapped), and a large hard 
liver edge, were prominent signs and symptoms. From this he made a 
symptomatic recovery, but his mother was sure that he was neve! 
“ properly well ” afterwards, and his nervous symptoms began to develop 
at this stage. Our Case 2 has had many attacks of “ biliousness,”’ i.e., of 
headache, vomiting, nausea, and occasionally a light degree of jaundice 
has been noticed. But though we cannot doubt that fundamentally the 
disease is the same as in Cases 1 and 3, yet no ascites or hematemesis 
has occurred though the nervous signs are now advanced. Case 4 is 
interesting as being still in the pre-nervous stage, but with a diagnosable 
liver damage. His liver is palpable and hard, and his symptoms hav« 
been intermittent feverish attacks accompanied by vomiting, diarrhea 
headache, nausea and slight jaundice. 

Reviewing the published cases in the light of these records we cannot 
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fail to be struck by the fact that many of them have suffered in the 
arlier stages from vomiting attacks and bilious attacks, not demonstrably 
lifferent from those recorded here. Such symptoms in a minor degree 
ive so common, apart from gross disease of the liver, particularly in 
children, that no special significance has been attached to them; but we 
ure convinced that in these cases they indicate definite attacks of acute 
1epatitis. 

In general, the symptoms attributed to cirrhosis of the liver may be 
lassified as obstructive and toxic. Of the former, ascites is a late 
xample, and it occurs only when the disease is advanced and as a rule 
nly when the peritoneum has undergone such secondary fibrosis as to 
render it incapable of absorbing the increased exudate. This isa process 
which tends to occur at an earlier stage in adults than in children, and 
may account for the relative paucity of cases on record in which 
ascites has preceded the lenticular symptoms in Wilson’s disease; the 
rule will be that once ascites develops in such cases death is likely to 
occur before nervous signs appear. The earlier symptoms of the 


obstructive group will be hematemesis, “ bilious attacks’’ and morning 


vomiting, whilst nausea, anorexia, light jaundice and urobilinuria will 
provide evidence of toxic damage to the liver cells. At one time or 
another all these symptoms have occurred in our cases, but during our 
/bservations they have never (except near the end in Case 3) so dominated 
the clinical picture as to compel the observer's attention. 

It will be noticed that in three of our cases efforts have been made 
to determine the liver efficiency. In Case 1 the Van den Bergh test 
gave a negative result; the levulose test could not be applied as he 
invariably vomited the sugar, whilst the hemoclasic crisis failed to give 
iny definite indication of liver insufficiency. 

In Case 2, during a remission in which the temperature had been 
subnormal for eight weeks, the levulose test was undertaken success- 
fully and gave a negative result. A repetition of the test three months 
later gave again a normal result. In December, 1924, a third series of 
tests included the Fouchet and Van den Bergh (direct and indirect) 
tests, which were negative; tests for urobilinogen and urobilin in the 
urine, again both negative; and the ammonia coefficient was normal. 
Roch’s test and the hemoclasic crisis again gave negative results. 
These tests were done when we knew that a positive result was to be 
expected, but none indicated that the liver efficiency was impaired. 

In Case 3, the child who died before any nervous symptoms were 
definitely manifested, the levulose test showed a gross impairment of 
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liver function; but this test was carried out at a time when the patient 
was suffering from a recurrent attack of hepatitis which probably 
damaged the function of such liver-cells as had survived destruction 
caused by previous attacks. 

Case 4, the child now aged 8, who has not yet developed nervous 
symptoms, was tested during an interval between attacks of hepatitis 
and when the temperature had been normal for several days; no 
evidence of liver insufficiency could be obtained by the levulose test o1 
by Van den Bergh’s reaction. 

These tests for liver insufficiency were all carried out with care 
under the direction of an expert clinical pathologist. We interpret 
them as meaning that even when the liver of such cases is in an 
advanced state of disease and very hard from the presence of much 
cirrhosis, a normal liver efficiency result may be obtained, provided that 
the acute attacks have subsided and have left a relatively large number 
of healthy liver-cells intact. But if the test is performed during the 
period immediately following an acute febrile attack (presumably acute 
hepatitis), then the liver-cells which have remained anatomically intact 
after earlier attacks are subject to such physiological damage that the 
liver as a whole fails to satisfy the metabolic demands of the individual. 

No one reading the account of the repeated febrile attacks, with 
their associated signs and symptoms of enlarged liver, occasional icterus, 
vomiting and small hemorrhages, can fail to be struck by their close 
similarity to those which occur in acute yellow atrophy of the live: 
In Case 3 the final stages corresponded very closely, except that less 
jaundice was present and no petechial hemorrhages occurred. The 
probable explanation is that previous disease had so damaged the live: 
that the acute hepatitis killed her before the graver symptoms of acute 
yellow atrophy appeared. 

The histological findings in the liver of Case 3 also suggest that we 
are not dealing with a simple cirrhosis, the picture being one of a 
healing acute hepatitis or of the stage of repair in a subacute yellow 
atrophy. 

Thus we conclude that in the cases we are recording here the liver 
disease is not a cirrhosis of a chronic, slowly progressive character, but 
that it is the result of a series of attacks of acute hepatitis, spaced ove: 
varying periods of weeks and months. Each attack tends on subsidence 
to leave behind some damage in the form of cirrhosis and destroye: 
liver-cells, and thus the liver becomes progressively more and mor: 
damaged. But there is a general tendency for the attacks of hepatiti 
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to become, after a certain stage, less and less severe (as in Case 2), and 
to occur at longer intervals; it is at this period that in our cases the 
nervous symptoms have appeared. Occasionally, however, the severity 
and frequency of the hepatitis is sufficient of itself to cause death 
before any nervous symptoms have time to appear in unmistakable 
form. 

If it is true that the nervous damage is caused by a toxin which 
gains access to the brain by reason of the liver disease (whether 
developed in the liver or elsewhere), it must be clear that in cases such 
as we are describing the toxin has a selective action on the corpus 
striatum. It is a general physiological principle that if such a toxin 
acts in small doses over long periods before producing its end-results, 
such selective action will be relatively pure and much less contaminated 
by damage to structures of similar but not identical anatomical form 
and physiological function ; on the other hand, a massive dose of toxin 
will rapidly destroy the function of the organ selected as its victim, but 
at the same time will overflow not merely to anatomically adjacent, but 
to physiologically similar structures. The variations noted both in the 
pathological findings and in the clinical symptoms in hepato-lenticular 
degeneration are probably to be explained on this basis. For example, 
in the case recorded by Howard and Royce [20], in which the whole 
disease process only lasted for five weeks, nephritis developed with 
severe symptoms of intense and widespread nervous damage, including 
spasms, contractures, tremors, &c., such as suggested a diagnosis of 
tetanus ; histologically, not only were the lenticular nuclei damaged, 
but softenings were found in the thalamus, the red nucleus and the 
internal capsule. On the other hand, in Hall’s [17] first case, where 
the disease lasted for seven years, the symptoms conformed much more 
closely to the Wilson type, and the disease, though not confined to the 
putamen, where the damage was intense, affected other parts of the 
nervous system but slightly. The deduction that pure lenticular lesions 
are to be expected in all long-standing cases cannot be made without 
reservation. It is clear from a consideration of our cases that the toxin 
is not being poured into the tissues constantly, but intermittently, the 
poisoning process presumably coinciding with the febrile attacks. It 
may then happen that a patient who has had several attacks which 
have left their mark upon the liver and brain in the form of cirrhosis 
and degeneration, may after a long latent period during which ameliora- 
tion has occurred (‘a remission ”’), receive in the next attack of hepatitis 
a massive dose of the toxin, which causes widespread damage; for 
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Nature’s experiments in producing lenticular degeneration are not to be 
conceived as being conducted like a laboratory experiment where a 
carefully measured dose of the poison is presented to the tissues at 
specified intervals. 

Thus we conclude that in hepato-lenticular degeneration the liver 
disease is always antecedent to the nervous damage, and that it consists 
in a series of acute attacks of inflammation (hepatitis) occurring at 
irregular intervals; that the toxin causing the nervous damage is 
entering the circulation and causing fresh nervous destruction during 
the acute attacks only and not during the “ remissions,” despite the 
fact that the cirrhosis of the liver may now have become a permanent 
factor. 

An attempt was made in Case 4 to determine whether achlorhydria 
was present, and though a full test was impossible, it was proved that 
hydrochloric acid was present in the stomach. The close similarity of 
the cases may be taken to indicate that achlorhydria was absent also in 
the brothers and the sister of this case. Thus no analogy exists 
between this disease and that form of subacute combined sclerosis in 
which, as has been pointed out by A. F. Hurst [22], absence of hydro- 
chloric acid is probably a factor in causing the disease. 


The only toxic agent known to produce both liver and nervous 
disease is manganese. In chronic poisoning by this metal, cirrhosis of 
the liver and nervous symptoms resembling those of lenticular 
degeneration have been described by various authors, notably by Edsall 


and Drinker [7]. 

The experimental work of Marshall Findlay [9] is of great interest, 
despite the fact that no sign of lenticular disease was observed. He 
found that a single massive dose of manganous chloride (10 to 60 mg.) 
was extremely toxic to rabbits, and caused death in from twenty-two to 
forty-eight hours; the animal, after injection, gradually became quiet 
and listless, refused food, and passed into a semi-comatose state. At 
post-mortem examination the liver was large, friable, of a pale yellow 
colour, often with reddish mottlings ; the spleen also was enlarged and 
as a rule of a deep red colour. On section the liver showed parenchy- 
matous degeneration, amounting in some areas to definite necrosis, and 
acute glomerular nephritis was usually present. On the other hand, 
when rabbits were injected with smaller doses of manganous chloride 
repeatedly (3 to 5 mg. every second day), many of the animals survived 
for several weeks. The symptoms during this period were lassitude 
and anorexia (especially for a few hours after each injection), a 
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progressive loss of weight and an icteric tint in the tissues without any 
ascites. In these animals a post-mortem examination showed a new 
formation of connective tissues in the liver, and proliferation of the 
epithelium lining the bile-ducts. Wells [42] also has found that the 
repeated injection in rabbits of any foreign protein material, such as 
Witte’s peptone, may be followed by cirrhosis of the liver. 

More recently, Mella [27] has succeeded in producing rigidity and 
athetoid movements in monkeys by intra-peritoneal injections of 
manganous chloride. Histologically, he found neuronal degeneration 
and neuroglial overgrowth, particularly in the lenticular nucleus. 

Edsall, Wilbur and Drinker [8] record cases of poisoning due to 
the inhalation of manganese dioxide under industrial conditions. The 
condition produced closely resembled paralysis agitans, in that the 
tremors, rigidity, cramps, mask-like facies and the propulsion and 
retropulsion were similar to those characteristic of the Parkinsonian 
syndrome. Attacks of uncontrollable laughter were, however, prominent 
in these cases. 

These observations have a close analogy to our cases, both clinically 
and pathologically, but the clinical signs of manganese poisoning, 
although clearly of the extra- pyramidal type, are rather those of 
paraylsis agitans than of Wilson’s disease; the toxin in manganese 
poisoning appears to select for its harmful activity portions of the 
nervous system other than those affected in Wilson’s disease. 

We have been unable to trace any means whereby our cases may 
have been subject to manganese poisoning. The facts that the large 
family of eight children have been living in one house, that four only 
of them have proved to be susceptible to the toxin, and that in no 
instance have two of the cases ever developed their acute hepatitic 
attacks concurrently, are almost sufficient to exclude the possibility of 
metallic poisoning from utensils used in cooking. The absence too of 
any vocation in which toxic substances may have been inhaled or intro- 
duced through the skin, throws us back upon the presumption that we 
are here dealing with toxins elaborated in the alimentary canal. 

Interpreted broadly, the cases described here may be said to have 
suffered from repeated but usually mild attacks of “‘acute yellow 
atrophy ’’ of the liver, each attack on subsidence leaving a permanent 
mark on the liver in the form of cirrhosis. From such attacks the liver 
was, up to a certain stage, capable of full symptomatic recovery; but 
once the liver damage had reached a certain grade the deficiency in 
its metabolic capacity appears to have permitted certain toxins or 
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poisonous food products absorbed from the alimentary canal to circulate 
in the tissues generally, and so to give rise to secondary damage in the 
central nervous system. 

At this stage of our knowledge we can only speculate as to the 
place of origin of the primary focus of the disease. It is our hypothesis 
that in these cases there flourished amongst the flora of the alimentary 
tract some organisms which burst into activity at intermittent periods, 
in the same way as we believe does the Bacillus typhosus in a typhoid 
“carrier”; that its toxins pass through the portal system to the liver, 
whose cells in attempting to destroy these deleterious substances and 
so prevent a poisoning of the whole system are themselves so damaged 
in the effort that an acute hepatitis occurs in which many liver-cells 
die and others are put out of action for the time being. The toxin 
causing lenticular destruction might thus be either the primary 
alimentary one which escapes through the damaged liver where filtra- 
tion capacity is in abeyance, or arise from the dying liver-cells them- 
selves. On the whole, we favour the former alternative, seeing that 
in alcoholic and other forms of cirrhosis no nervous disease comparable 
to Wilson’s type has ever been described, although the histological 
appearance of the final stages of the livers in alcoholic cirrhosis is so 
similar to that seen as an end-result in Wilson’s disease. 


PATHOLOGY. 


Pathologically, the first case is clearly to be regarded as one of 
progressive lenticular degeneration. In nearly half the cases on which 
an autopsy has been conducted there has been no visible cavitation or 
softening of the lenticular nucleus, though in many of these the nucleus 
has been shrunken and of darker colour than normal. The association, 
as in this case, of cirrhosis of the liver with shrinkage of the putamen, 
and the microscopical finding in the latter region of neuronal degenera- 
tion, neuroglial overgrowth and new formation of capillaries, are almost 
as typical of the disease as is the cavity formation described by Wilson 
in his original article. 

It must be emphasized, however, that although the degeneration in 
the putamen was the outstanding abnormality in the nervous system of 
Case 1, other regions of the brain were by no means normal. Consider- 
able degenerative changes had taken place in the nerve-cells of the 
cortex, the neurons of the caudate nucleus were severely damaged, while 
those in the globus pallidus, cerebellum and to a less extent in the 
optic thalamus showed alterations from the normal. In all these regions 





HEPATO-LENTICULAR DEGENERATION 325 


ieuroglial reaction was evident, although there was no gross increase 
n the numbers of these cells. It is true that these changes were not 

comparable in intensity with those in the putamen; on the other hand 
t is obvious that the noxious agent did not have a strictly selective 
ction on any one anatomical group of ganglion cells, or any one limited 
rea of the central nervous system. 

On the other hand, Case 3 was clinically one of subacute hepatitis 
‘ithout nervous symptoms, and it is therefore not surprising that the 
hanges in the brain were of a somewhat different order. It is more than 

probable that except for the family history the brain would not have 
been examined or, at most, would have been examined macroscopically 
ind accepted as normal. 

There was no shrinkage or discoloration of the lenticular nucleus 
but, microscopically, there was a very definite outfall of the large nerve- 
cells of the putamen and degeneration of all the remaining elements, 
both large and small. There was no doubt that the changes were 
considerably more advanced here than in other regions, but, as in the 
preceding case, the cortical neurons and those of the caudate nucleus 
were also affected. The cells Of the globus pallidus were only very 
slightly damaged; those of the optic thalamus and cerebellum were 
normal. There was nowhere any gross increase in the number of 
neuroglial cells but those present were hypertrophied. In addition a 
peculiar type of neuroglial cell was seen, in which the nucleus was 
enlarged to twice or thrice the usual diameter and strikingly pale, all the 
chromatin being aggregated into one or two intensely staining granules. 
Reference will again be made to these cells at a later stage. 

The appearances in this case could not be attributed to a terminal 
infective process but were of a longer duration, probably to be estimated 
in months. We believe that they represented the earliest stage of a 
progressive lenticular degeneration which was abruptly terminated by 
in unusually severe affection of the liver. We wish to stress the fact 
that signs of inflammation were completely lacking in the nervous 
tissue. In other words, the process appeared to be a toxic degeneration 
with disappearance of nerve-cells, accompanied by neuroglial reaction 
nd the production of a peculiar type of neuroglial cell; these changes, 
though widespread, were far more advanced in the putamen than 
elsewhere. 

In their recent paper, Greenfield, Poynton and Walshe [15] state 
that, as the result of the investigations of the past ten years, progressive 

nticular degeneration can no longer be accurately spoken of as a 
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system disease of the corpus striatum. The truth of this statement is 
becoming increasingly evident, and while in Wilson’s original cases the 
morbid processes were almost exclusively confined to the lenticular 
nucleus, many of the more recent observers have described degenerations 
in other parts of the brain. 

Stoecker [36, 37] found cystic degeneration in the putamen and, 
associated with this, widespread neuroglial changes in the cortex and 
elsewhere. Pfeiffer [31] alludes to degeneration of the ganglion cells 
of the cortex and red nucleus. Pollock [33] records slight changes in 
the cortical nerve-cells with an overgrowth of glia. Hadfield [16 
found remarkable areas of vascular proliferation in the cortex. Howard 
and Royce [20] describe changes in the thalamus and red nucleus. 
Pollak’s case [32] showed, in addition to softening and cavitation in the 
lenticular nucleus, an exactly similar condition in the white matter of 
the cerebellum involving a large part of the dentate nucleus. Finally 
Hall [17] observed marked degeneration in the putamen accompanied 
by slighter changes in most other parts of the brain. 

The question here arises of the relationship between progressive 
lenticular degeneration and pseudo-sclerosis. As described by Wilson 
[45] and by Hoésslin and Alzheimer [19], respectively, the two con- 
ditions appear very different, the former being a sharply defined 
destructive degeneration localized to the putamen, while the latter 
consists in a widely spread neuroglial overgrowth without destructive 
tendency. It has already been shown that such a conception of Wilson’s 
disease is not now tenable, and a comparison of all the cases of both 
conditions reported before 1921 led Hall to consider them as essentially 
identical, and to describe them together under the term “ hepato- 
lenticular degeneration.” 

The cases reported since the publication of Hall’s monograph serve 
only to confirm this view. In particular, a case of “ pseudo-sclerosis’”’ 
recently described by Bouman and Brouwer | 4] showed changes which, 
both in their character and distribution, closely resembled those in the 
first case recorded in this paper, although in their case the cortex was 
relatively more severely affected. The diagnosis of pseudo-sclerosis was 
made from the clinical symptoms, and it seems certain that if during 
life the alternative diagnosis of progressive lenticular degeneration had 
been made, these writers would have seen no reason to change it after 
the histological examination of the brain. 

It is impossible to avoid the thought that, in some instances, the 
designation of a case as one of progressive lenticular degeneration has 
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‘aused attention to be directed too exclusively to the lenticular nucleus 
nd that, in consequence, finer changes in other parts have been ignored. 
in a similar way the diagnosis of pseudo-sclerosis has led to emphasis 
ing laid on the extra-lenticular changes. Thus the two conditions 
iave been artificially separated. The classification of these cases under 
he term “hepato-lenticular degeneration.’ would remove the tendency 
) expect and over-emphasize certain alterations, and the changes in 
various regions would then be accepted at their true valuation. 

A critical examination of the supposed points of distinction between 
sseudosclerosis and progressive lenticular degeneration shows how 
indefinite is the border-line which separates them. As an example may 

cited the greenish pigmentation of the cornea first mentioned by 
\‘leischer in pseudosclerosis, and for a considerable time considered 
pathognomonic of that disease but now recognized as occurring in both 
iiseases. 

Histologically, the chief point relied on in the differential diagnosis 
f the two conditions and emphasized by Alzheimer, Wilson and 
others, is the presence in pseudosclerosis of certain peculiar neuroglial 
‘ells usually known as “ Alzheimer cells.” They exist in large numbers 
in many regions of the brain and are giant cells with no tendency to 
fibre formation. The nucleus has a diameter of about six times that of 
an ordinary neuroglial nucleus, and is extraordinarily poor in chromatin 
but possesses often a single, intensely coloured nucleolus. The nucleus 
is often indented or lobed and the nuclear membrane much wrinkled. 
In Nissl preparations the cytoplasm is not always seen. 

Spielmeyer [35] has shown, however, that these cells are also found 
1 cases of progressive lenticular degeneration, in which they are not 
localized to the lenticular nucleus but occur in many parts of the 
nervous system. He comments on their very close resemblance at 
times to nerve-cells. They may sometimes contain intensely blue- 
coloured granules or masses of greenish pigment. The former stain 
exactly like the nuclear chromatin and are often very plentiful in those 
cells possessing a nucleus strikingly poor in chromatin, suggesting that 
there is a relation between the presence of these granules and the 


disappearance of chromatin from the nucleus. 

In discussing the Alzheimer cells, Campbell and Morse [5] state 
that “‘ Even the polymorphous glia, which has been considered (wrongly) 
almost pathognomonic of pseudosclerosis is found in various toxic 
and infective processes although not in such abundance as_ in 


pseudosclerosis.”” 


BRAIN.—VOlL. XLVIII 
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In the first case here recorded a few cells of this type were found in 
the cortex and basal ganglia, but were far from numerous. In the third 
case a peculiar type of neuroglial cell was present which possessed some 
of the characters of the Alzheimer cells. The nuclei were round or 
oval in shape and of comparatively small size, attaining at most a 
diameter of three times the normal. The nuclear membrane was never 
wrinkled and a nucleolus was not present. The nucleus was, however, 
extraordinarily poor in chromatin and appeared as an empty vesicle 
except for one or perhaps two small intensely staining granules. These 
cells were quite unlike any of the ordinary types of reactive neuroglia, 
and probably represented a stage in the formation of the Alzheimer cells 
or a variant of that type of cell. Up to the present time we have never 
seen this type of cell or the Alzheimer cell in any other condition, and 
we cannot therefore confirm the statement of Campbell and Morse that 
the latter are found in other toxic and infective conditions. 

The liver in the third case presented an unusual and suggestive 
picture, namely, that of a healing subacute yellow atrophy. Plasma 
cells were present in the fibrous tissue-strands, suggesting an inflam- 
matory basis for the condition. In many of the cases described previ- 
ously a very marked vascular proliferation has been a prominent feature, 
and to this and to the considerable regenerative powers of the liver 
in young subjects Hall ascribes the absence of symptoms of liver 
disease. Neither process was very prominent in this case and it 
would seem that here the noxa had been more than usually intense. 

The association of well-marked disease of the liver with very early 
stages of degeneration in the brain points to the former as the primary 
condition. 

Papadato [30] has suggested that progressive lenticular degenera- 
tion is nothing more than the result of an encephalitis, probably 
encephalitis lethargica. He accounts for the absence of inflammatory 
phenomena in the brain by the long duration of many of the cases, 
which allows sufficient time for the inflammation to subside so that 
after death only its results are evident to the histologist. Moreove 
he believes that the encephalitic process is the primary one and that 
the cirrhosis of the liver is the result of a secondary affection of that 
organ. 

Westphal and Sioli [44] describe a case in which the symptoms 
of progressive lenticular degeneration followed an attack of what was 
probably encephalitis lethargica and which showed the histological 
features of both diseases. 
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In the case of pseudosclerosis described by Campbell and Morse [5], 
the development of the disease was accompanied by recurrent attacks 
f facial erysipelas. Histologically there were, in addition to the 
usual changes found in pseudosclerosis, appearances which they think 
uay well be regarded as inflammatory in nature, for example, slight 
lvmphocytic infiltration around isolated vessels in the cortex, thalamus, 
hypothalamus and midbrain, a moderate general thickening of the 
arterioles, moderate proliferation of the capillaries in the cortex, 
corpus striatum and midbrain, swelling of the capillary endothelium 
in the cortex and midbrain, and cedema, thickening and cellular 
nfiltration of the pia. 

On the other hand, neither Hall, Stoecker nor Spielmeyer have 
found any evidence of an inflammatory process in progressive lenticular 
degeneration or pseudosclerosis. In neither of our cases were there any 
appearances of inflammation, although Case 3 showed a very early stage 
of the process at which inflammatory signs might be expected if they did 
occur. In any chronic nervous disease there is a tendency to the involve- 
ment of the brain in a terminal or coincident infective process and the 
resulting picture cannot be accepted as other than an accidental occur- 
rence. That progressive lenticular degeneration is a late result of 
encephalitis lethargica is negatived by the fact that the pathology of the 
two diseases is entirely distinct. Although certain changes in the liver 
have been described in the latter condition, they are comparatively 
slight, and no case has been described in which there has been found a 
picture even remotely resembling that in Wilson’s disease. 

Finally we must touch upon the relation between neuroglial reaction 
and neuronal degeneration. Having regard to the appearances produced 
in a variety of nervous diseases, it can no longer be supposed that the two 
go hand in hand, or that the former is dependent upon or necessarily 
originated by the latter. There are numerous types of neuroglial reaction, 
some of which seem undoubtedly to be caused by the degeneration of the 
nervous elements and others which can only be ascribed to a direct action 
of a noxa on the neuroglia independent of, though perhaps accompanied 
by, nerve-cell destruction. In the diseases under discussion the neuroglial 
response is often widespread when nerve-cell degeneration is compara- 
tively sharply localized to the lenticular nucleus, and it is often seen to 
be well marked in areas in which the nerve-cells are comparatively well 
preserved. 

It appears, then, that in hepato-lenticular degeneration an inflam- 
matory condition arises in the liver which, by virtue of its chronicity in 
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the majority of cases, coupled with the considerable regenerative powe: 
of the affected organ in a young subject, tends to be latent or give rise t 
only slight indications of its presence. A toxin or toxins, which have 

specific effect on the nervous system, are produced in, or allowed to pas: 
through, the damaged liver. Acting on the neuroglia, a peculiar an 
diffuse reaction is set up which is characterized by the production oi 
Alzheimer cells, and when this process is predominant the case is one o! 
pseudosclerosis. The same or more probably another toxin acting on th: 
neurons and affecting especially those of the neopallium induces thei) 
degeneration and a “ progressive lenticular degeneration ” is the result 
In the majority of instances both of these processes occur, but iz 
different degrees, so that a whole series of links is found between th: 
two extremes of pseudoclerosis and progressive lenticular degeneration 


DIAGNOSIS. 

The nervous signs occurring in pseudo-sclerosis appear to be much 
less distinctive than in Wilson’s disease. The earlier cases described 
under the former heading by Westphal [43] and Striimpell [38, 39), 
which were not stated to be associated with liver disease, showed mucl 
diffuse degeneration in the cortex as well as the basal ganglia; thé 
symptoms were much less clearly defined, and in fact are hardly com- 
parable to those described by Wilson in his original monograph. But 
it seems clear to us that most of the later cases—as, for instance, 
Fleischer’s [12] (published under the title of a ‘‘ Hitherto unknown 
Disease allied to Pseudo-sclerosis’’), Rausch and Schilder’s [34], and 
Oppenheim’s | 29|—are simply varieties of the Wilson type of lenticulai 
degeneration. Recalling the fact that the anatomical distribution of th« 
lesion is not confined to the putamen, that this nucleus is often incom- 
pletely destroved, and that all cases carefully investigated have show: 
some damage in other parts of the corpus striatum or cortex, it is 
natural to expect that the symptoms will not in all cases exactly cor- 
respond. At least two other factors must be considered as affecting the 
symptomatology; one is the age of the patient, and another the rapidity 
and intensity of the disease-process. In practically all the younge: 
patients, and especially those under the age of 10 years, spasm (tonic 
and clonic), athetoid movements and “‘ choreiform ’’ movements tend t 
predominate to the exclusion of tremor; in older patients (above th: 
age of puberty) tremor has been the most obvious involuntar) 
movement. Again, in the acute cases in which the whole course of th: 
disease is run within a few weeks or months, spasm and writhing 
movements tend to be prominent features and tremor may be complete! 
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ibsent (Economo [6], Thomalla [40]). Finally, the stage at which the 
‘linical description is obtained must determine to some extent whether 
tremor is described or not. In the earlier stages, where the damage 
nay be closely confined to the putamen and the pallidum retains its 
»hysiological function, it would appear that tremor is usually absent ; 
vhen the degeneration has progressed and has begun to involve the 
slobus pallidus, there is a general tendency for tremor to cease to be 
iominant in the clinical picture. 

Ultimately, the classification of the types of lenticular disease must 
lepend not so much on the clinical symptoms and the anatomical 

vcalization of the lesion, as upon the origin and character of the disease 
process. In so far as cases conform to the general type, that is if they 
how a damage of the liver of the special and unusual type which we 
ave described, and which we believe to be a cirrhosis resulting from 
repeated attacks of acute hepatitis, if they later develop disease mainly 
ocated in the lenticular nuclei, then we are of opinion that they should 
be classed together as one definite type of disease. The occurrence of 
that rare phenomenon, the Kayser-F leischer line (corneal pigmentation), 
s proof of the special type of liver cirrhosis which is capable of 
producing such nervous disease. 

Thus we would classify most of the cases described under the 
title ‘‘ pseudosclerosis ’’ as cases of hepato-lenticular degeneration, and 
would hope that the former term will be allowed to lapse, an opinion 
which we share with Hall |17], Greenfield, Poynton and Walshe [15], 
and many others who have written recently on this subject. 

Thomalla’s [40] torsion spasm (dystonia musculorum deformans) 
seems to us to belong to this group. The characteristic liver, the 
casional presence of the corneal ring, the location of lesions in the 
lenticular nuclei and the general clinical picture of rigidity, mobile 
spasm (not widely different in type from the athetoid movements we 
have described), all suggest that we are dealing with the same essential 
disease with a localization of damage differing only in position from 
that seen in Wilson’s disease. 

On the other hand, not all cases of lenticular disease are of this 
vpe. Those which are congenital or due to vascular lesions, and the 
syphilitic forms, despite the damage which occurs in them to the 
lenticular nuclei, must have an origin which is totally different in type. 
ven manganese poisoning cannot be identical, though conforming to 
type in that both the liver and extrapyramidal nervous tissues show 
damage, for in this case the toxin has clearly a different selective 
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action, has never (as far as observation has gone) given rise to a cornea! 
pigmentation or produced nervous signs significant of progressive 
lenticular degeneration. 

NOMENCLATURE. 


Only the gravest of reasons would be adequate to warrant any 
alteration of the title of the disease which was so ably evolved from 
a chaotic conglomeration of cases by Wilson in 1912. Progressive 
lenticular degeneration is a good name in that it indicates both the 
anatomical lesion responsible for the outstanding symptoms, and the 
progressive character of its incidence. It fails only in that it does not 
indicate in any way that the disease is associated with cirrhosis of the 
liver, and as this event is almost unique in neurological experience, some 
suggestion of its presence would be better included in the title. Further, 
as we have tried to prove in this article, the liver disease is primary 
both in time and in importance, in that progressive lenticular degenera- 
tion never occurs apart from such a physical foundation. Again, other 
types of what we regard as the same disease, namely, pseudosclerosis 
and torsion spasm, together with the tetanoid chorea which was accepted 
by Wilson as a variation of his disease, appear to have the same funda- 
mental pathology. In cases of these diseases, manifest or latent, and 
in no others, has the Kayser-Fleischer zone of corneal pigmentation 
been observed, and all authentic cases are associated with liver disease. 

For these reasons we have come to the conclusion that it would be 
better to adopt Hall’s [17] terminology, and refer to the condition as 
hepato-lenticular degeneration. As in so many cases where names 
employed for diseases are descriptive, this title fails to indicate the 
peculiar type of the disease in the liver (namely, that it is the end-result 
of a series of attacks of subacute or acute hepatitis), but it indicates 
clearly enough that the lenticular disease is a sequel to liver damage 
and is of the type of progressive degeneration. 


CONCLUSIONS. 


(1) Wilson’s “ progressive lenticular degeneration,’ Gowers’ “tetanoid 
chorea,” certain cases of “ pseudosclerosis’’ and Thomalla’s * torsion 
spasm ”—should be grouped together as forms of “ hepato-lenticula: 
degeneration.” 

(2) The nervous symptoms of this disease never occur until th: 
liver has been grossly damaged. The hepatic cirrhosis seen post mortem: 
is an end-result of a series of attacks of acute hepatitis. 
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(3) The toxin causing the hepatitis is not manganese. It probably 
has a bacterial origin in the alimentary canal. 

(4) The variation in clinical nervous symptoms depends partly upon 
which regions of the lenticular nuclei are mainly damaged, and partly 
upon the degree to which damage is done to other nervous structures. 


PosTscRIPT.—Whilst the foregoing article was being set up. Case 2 


(Pheebe B.) died during September, 1925. The organs, including both 
cornee, are available for histological examination, and it is hoped to publish 
an account of them in a later number of this Journal. 
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In the attempt to determine the central vestibular pathways, those 
who have undertaken experimental work on animals have encountered 
two main difficulties : the limitation of secondary degeneration owing to 
interruption at synapses, and the obvious difficulty in producing minute 
lesions in certain portions of the brain-stem without disturbing adjacent 
structures. In order to trace any particular pathway throughout these 
various segments it would be necessary to produce lesions such as 
to involve each neuronal segment in turn. These difficulties appeai 
almost insuperable. 

On the contrary, certain pathological processes occasionally result in 
small discrete lesions within the central nervous system which cannot 
be duplicated by operative work on animals. Such lesions may be 
produced by thrombosis, small foci of encephalitis and multiple 
sclerosis. 

The case of epidemic encephalitis to be reported presented the 
following features: Examination revealed an absence of vestibulai 
function, with no impairment of auditory function. A persistent spon- 
taneous nystagmus existed of a type suggestive of a central vestibular 
lesion. Examinations and tests were made just before death, which 
occurred suddenly and was probably attributable to the brain-sten 
lesion. The autopsy revealed nothing abnormal, thus indicating that 
there were no pressure phenomena and that the lesion was microscopic. 


A. C., aged 15, of American parentage, was born and lived all his life in 
California. His father died of pulmonary tuberculosis; his mother and tw: 
older brothers are living and well. 

Previous medical history.—His birth was normal. In early childhood hx 
had measles, mumps and whooping-cough. He was always full of energy an 


1 Read before the American Neurological Association, May 6, 1925. 
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ictive in school athletics; in fact he was a leader in the school sports, parti- 
sularly in gymnastic work. He could walk on his hands almost as well as on 
\is feet and excelled at baseball, basketball, football and in tumbling. He had 
. good record in his scholastic studies and was in his second year at a high 
school. He had an attack of “ influenza ’”’ in 1918, and another similar attack 


n the winter of 1922. 
Present illness.—In February, 1923, he had another attack of influenza. 
[in May, 1923, he complained of fatigue and of being “ short of wind.” On 


xercising ~ his legs hurt and he would be covered with a cold sweat.’ On 
setting up from a sitting or lying position he was unable to move about without 
olding on to something to steady himself. He would grasp a table and put 
iis hands over his eyes. At times he would have to lie down again. Before 
his he had been putting on weight and “ felt better than he ever had in his 
ife.”’ The first symptoms noted were his inco-ordination and disturbance of 
‘quilibrium in walking and a gasping for breath. He finished his school year, 
iltthough with considerable effort. 

On July 14 he became acutely ill. He felt cold and a cold sweat was 
oted: this condition lasted all night. Early the next morning his mothe: 
1oticed him lying in bed perfectly still and unconscious. She could not arouse 
im and thought he was dead. She stated that there was no motion of his 
body and she could not see him breathe. This condition of unconsciousness 
isted for two hours. On recovering consciousness he “ gasped for breath.’ 
His mother states that the physician told her that “his pulse was good.” On 
ecovering consciousness he was able to swallow and recognized his family ; he 
then relapsed into unconsciousness for short intervals and had attacks in 
which his face jerked, his hands moved and his head was thrown back, but 
there was no frothing at the mouth, no biting of tongue and no involuntary 
rination. A convulsion would last two to three minutes and they were about 
tive minutes apart. He remained unconscious for a short time following each 
onvulsion. These convulsions continued for about two hours and then ceased. 
He was kept in bed for one week, at the end of which time he walked from the 
ouse to the automobile and went to the hospital. He was suffering no pain. 
[he only physical findings were “ rapid pulse, a slight murmur at the pulmonic 
rea and a high blood pressure.” He stayed in the hospital one week and left 

apparently in good condition. He was kept in bed all the summer “ on 
ccount of his heart."’ During the summer of 1923 he did not sweat during 
ie day, but as soon as he dropped off to sleep he became wringing wet: even 
covered with only a sheet water would pour off him. This sweating would 
yntinue until about 2 o'clock. This happened every night. On no occasion 
id he sweat after 2 o'clock in the morning; his mother was sleeping in the 
ime room with him and she made observations from time to time every night. 
\fter 2 o’clock in the morning she would change his night clothes and there 
vould be no further sweating. 

He had no more attacks and felt apparently well until September 19, when 
e ate some grapes which caused him to strangle and to gasp for breath. 
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There was no coughing and no vomiting. He found it difficult to get hi: 
breath during that day. He was able to eat solid food but had difficulty i 
swallowing liquids. A few days later he went to sleep but in a few minute: 
he awoke frightened, “ran to the window for air, and gasped for breath. 
He felt as if someone were “holding on to his windpipe.” He had a conyul 
sion with muscular twitching which lasted a few minutes, but he was not 
unconscious. Several nights after going to sleep he had similar attacks 
These, however, were not so severe and not of so long duration. Two months 
before his death he was very unsteady on his legs. He said they “felt lik« 
sticks and as if they did not belong to him.” He had poor control over then 
and at times could not walk in a straight line. 

On February 20, 1924, he was taken to Dr. C. E. Reynolds, who reported 
that he had had attacks of gasping for breath and dysphagia during Decembe: 
1923, and January and February, 1924. The optic dises were slightly blurre: 
at the nasal edges. Taste and smell were normal: the heart sounds wei 
feeble, the blood-pressure was 110—70, the pulse 92, temperature was 99°2 F. 
the tongue was very furred. Slow, coarse nystagmus, mostly to the right, 
existed. The Romberg sign was negative. Intention tremor and ataxia were 
present in both arms, more marked on the left side. The patellar reflexes wer 
active and equal. Babinski’s sign was negative at first, but was positive o 
the right side on February 24. The pupils were equal and normal; they 
reacted well to light and on accommodation, but convergence was imperfect 
During Dr. Reynolds's observation the patient had a tonic emprosthotonic fit 
The diagnosis of encephalitis was made. 

In March, 1924, through the courtesy of Dr. Reynolds, the patient was 
examined by Dr. Ingham, Dr. Lyster and Dr. Jones. 

Neurological examination by Dr. S. D. Ingham.—Patient was tall for his 
age (15 years), was well developed and fairly well nourished. Speech was 
monotonous and not very well enunciated. He frequently smiled and laughed 
but without a natural appearance; there was a lack of mobility of expressio: 
Attempts to cough were ineffectual; sneezing was not observed. Conjugat« 
deviations of the eyes to the right and the left and downward were practically 
normal ; upward movements were definitely impaired and attempts at converg 
ence failed almost entirely. There appeared to be a definite defect in accou- 
modation. The pupils were equal and reacted to light. Facial expressio 
simulated the mask of paralysis agitans. He had no loss of voluntary move 
ments of the muscles of mastication or of the face, tongue or palate, and n 
wasting or tremors. Voluntary motor functions were generally impaired, an: 
he had lost the ability to exercise with the gymnasium apparatus. The tendo 
reflexes were present in all extremities and were slightly excessive but equal o 
both sides, without clonus. The plantar reflexes were flexor in type. H 
walked slowly with his body slightly forward. Romberg’s sign was negative 
The arms were held in a rigid position without swinging; passive motio: 
showed some increase over the normal resistance in both upper and low 
extremities ; he had no tremors or forced movements of the face, hands or fee 
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Co-ordination was fairly accurate in the finger-to-nose test, but the spontaneity 
of voluntary movements was impaired. 

Mental condition: patient was bright and alert, and of more than average 
intelligence; he appeared to be in complete possession of all his mental 
faculties, gave accurate details of his history and the members of his family 
had noticed no loss of mentality. No emotional or psycho-neurotic symptoms 
had been observed. 

Ocular examination by Dr. T. C. Lyster.—The boy had never worn glasses. 
\bout June, 1923, he began having periods of © blindness” lasting about halt 
1 minute, then vision became clear. The attacks of temporary blindness came 
mn suddenly and the return to normal vision was slow. The vision of his right 
ye was 6/V.1-2 and of his left eye 6/V.1-3; near vision and accommodative 
power were poor. Examination of his eyes showed the following abnor- 
nalities: the movements were slightly limited in all directions, especially 
ipward and convergence ; on looking up his eyes soon began to sag downwards 
und at the same time showed an undulating form of movement up and down. 
The retinal vessels were somewhat dilated and more tortuous than normal, 
with poor reflexes; the disc margins were fairly well defined. The visual 
tields showed a moderate peripheral concentric contraction for white; both 
blind spots were almost normal in size. Under homatropin dilatation there 
was found an error of hypermetropic astigmatism with one degree of right 
hyperphoria ; vision improved to 6/V.1 in each eye when corrected. 

Ear, nose and throat examination by Dr. I. H. Jones.—The nose was 


normal, except that the left naris was partially obstructed by a septal deviation. 
The teeth were in fair condition. He had a peculiar formation of the upper 
jaw, like a horseshoe flattened in front. He had chronic purulent tonsillitis, 
the tonsils being large, deeply buried and containing many large crypts with an 
unusually large amount of “ creamy ” material, especially in the upper pole of 
the left tonsil. He had chronic pharyngitis and moderate cervical adenitis in 


the anterior chain on each side. 

Ears.—Both drum-membranes were somewhat retracted and somewhat 
opaque, showing evidence of moderate chronic catarrhal change in both 
middle ears. 

Examination with the audio-amplifier by Professor Vern O. Knudsen and 
Dr. Jones revealed normal auditory function in both ears. The patient said 
that his hearing was normal. There was no deafness in his family. He had 
never experienced any tinnitus. Tests with the amplified voice and whisper 
indicated that he heard distinctly with both ears. The audiometric findings are 
shown in the accompanying audio-amplifier charts. These indicate a slight 
impairment of conduction. For example, for low tones his hearing was 
80 per cent., for the high tones it was approximately 100 per cent. The upper 
limit of audibility was 17,000 d.v. for the right and left ears. His hearing by 
bone conduction at 256 d.v. was 100 per cent. in both right and left ears. 
There was no evidence of diplacusis or tonal islands. The conclusions from 
the findings were that both cochlew and their neural pathways were functioning 
perfectly. 
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MEASUREMENTS WITH AUDIO-AMPLIFIER, 
Riegut Ear. Lert Ear. 
I.—Ampliies ° 
Voice, distinct Yes Voice, distinct Yes 


Whisper, percentage hearing 97 °/ Whisper, percentage hearing 100°, 


Il.—Percentage Hearing for Tones, 





Co Ca Ca Cg Cg Cy © € Ce Cy Ce Ce Se Cp 


lil Upper Limits of Audibility. 


17,000 lv. Perfectly normal. 17,000 dv. Perfectly normal. 


IV.— Bon Conductrn. 
256 100°), , 512 : 128 , 256 100 ‘ 


V.—Specral Findings. 
(Pitch and loudness of tinnitus, diplacusis, tonal islands, etc.) 
No special findings. 


Dia “oe ‘Slight conductive impairment in each ear. slightly more marked in right. 
agnosis : 


Comments : Otherwise normal auditory functions. Perfect function of both cochlea 


64 d.v., C, — 128 d.v., C, — 256 a.v., ©, — 512 d.v., C, — 1024 d.v., 
C,— 2048 d.v., C, — 4096 d.v., C-— 8192 d.v. 


Vestibular veport.—He had spontaneous nystagmus: on looking straigh 
ahead there was a spontaneous nystagmus of an indefinite character: the 
eyes were constantly moving but the amplitude of the movements was smal 
The nystagmus was somewhat rhythmic in character, but one could not deter 
mine that the quick component was in any definite direction. The eyes 
wavered in different directions. The lower and upper eyelids also move 
synchronously with the movement of the eyeballs. When the patient looke 
voluntarily in different directions, the most conspicuous movement occurre 
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vhen he looked up; then there was a vertical nystagmus, but the quick 
somponent was not definite and the nystagmus was not actually rhythmic; 
me could simply say that there were vertical movements of the eyes on looking 
p. The movements were slow. On looking to the right there was a mixed 
orizontal and rotary nystagmus to the right of fair amplitude. On looking 
» the left there was a mixed horizontal and rotary nystagmus to the left, the 
iorizontal element predominating. On looking down he had no nystagmus. 
Spontaneous pointing: the right arm past-pointed 1 in. to the left. The left 
rm past-pointed 1 in. to the right. 

Rotation tests.—After rotation to the right no horizontal nystagmus to the 

sft developed, in fact there was no response that could be traced to the rota- 
ion and even immediately after it ceased there was no change in the already 
existing spontaneous nystagmus, and no change in the past-pointing, the right 
um still past-pointing 1 in. to the left and the left 2 in. to the right. In othe: 
vords the rotation failed to produce any change in the pointing. Rotation to 
he left similarly failed to produce nystagmus or past-pointing. 

Rotation to the right with the head forward caused the patient to lean 
slightly to the right when he sat up, while rotation to the left with the head 
forward caused him to lean a little more to the left. All these rotation tests 
were conducted one after the other without producing pallor, sweating o1 
nausea. 

Caloric tests.—Ivrrigation of the right ear with the head thirty degrees 
orward (vertical canals) produced no response in nystagmus or past-pointing. 
On tilting the head backward (testing the right horizontal canal) there was 
also no nystagmus or past-pointing, and Romberg’s test was negative when 
he stood up. Irrigation of the left ear with the head thirty degrees forward 
produced no alteration in the nystagmus or past-pointing. On tilting the 
head backward (testing the left horizontal canal) there was no nystagmus 
or past-pointing, nor any tendency to falling when he stood up with his feet 
together and his eyes closed, 

All the rotation and caloric tests were conducted one after the other, and 
vet there occurred no pallor, sweating, or nausea. 

In sharp contrast to the perfect auditory function in both ears there was 
ibsence of vestibular functions in both. The rotation and caloric tests failed 
to produce nystagmus, vertigo, past-pointing, falling, pallor, sweating, or 
nausea. There was, therefore, a complete vestibular block, the location ot 
which appeared to be within the brain-stem shortly after the entrance of 
he eight nerves into it. Nothing in the examination indicated any lesion 
n the vestibular portion of either the internal ears or eighth nerves. 

Patient died eleven days later, on March 17. Respiration became more and 
nore rapid and shallow and irregular. He was taken to a hospital at eleven 
‘clock in the morning and died at two o'clock the next morning. Intellect 
was apparently keen. He recognized his school teacher on the night he 
lied and tried to talk to him, but could not do so. His mother and others 
present stated that he apparently heard everything that was said to him. He 
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suddenly became comatose and deeply cyanosed. It was noted that in 
contrast to the respiratory difficulty the pulse was of comparatively good 
quality. 

The autopsy was performed by Dr. Reynolds and Dr. Hammack. No 
lesion was observed in any portion of the brain or membranes, except undue 
hardness and whiteness of the medulla oblongata. The whole brain was 
removed and sent to Dr. William G. Spiller, whose report follows. 


The brain-stem from the lower portion of the medulla oblongata to 
the end of the aqueduct of Sylvius was cut in microscopical seria! 
sections, over 1,000 in number, and a very large proportion of these 
were stained, every third or fourth section at some levels, by various 
methods. 

The important finding was a limited area of complete degeneration in 
the centre of the tegmentum, extending from the lower part of the 
medulla oblongata well into the lower part of the pons, with the raphé 
as its centre. 

It may be concluded from this study that all or nearly all of the 
central tracts concerned with vestibular function pass through the area 
represented by this degeneration, and that few of the fibres of the 
cochlear system are represented in this region. The radicular fibres 
of the nervus vestibularis and the nervus cochlearis escaped entirely. 
The degeneration involved only the central tracts of the vestibular 
system. 

Important degenerative changes in the form and number of nerve 
cells in the primary nuclei of the nervus vestibularis were found, and 
an attempt is made to correlate these nuclear lesions with the central 
area of degeneration. A part of the medulla oblongata from its lowe: 
portion was examined by the method of Marchi, but the formalin 
hardening produced so many artefacts that this method of study was 
abandoned, as it was believed that the results would be misleading. 

The description of the findings in detail is as follows :— 

At the level of the exit of the nervus vagus and the nervus hypoglossus 
there is a very small area of degeneration on each side of the raphé nearly 
symmetrically situated, implicating slightly each nervus hypoglossus. At the 
outer portion of each of these areas there is another very small area of degenera- 
tion, the one on the right side being the larger, and some of the fibres passing 
to the nucleus olivaris are involved. Each nervus vagus escapes entirely and 
the involvement of each nervus hypoglossus is very slight. The raphé is not 
implicated at this level by the areas of degeneration, nor are the longitudina! 
fibres on each side of the raphé. The number of fibres contained in the stria 


medullares are diminished. 
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At a little higher level the extreme left area of slight degeneration has 
isappeared, but the corresponding one on the right side remains. 
At the upper level of the exit of the nervus glossopharyngeus and below any 
wrtion of the nervus octavus, or possibly at its lowest part, the areas of degenera- 
tion are much the same (section 19). The fibres decussating at the posterior 
art of the raphé and those near the nucleus olivaris are nearly normally 
1umerous, but those in the middle portion of the raphé are very scanty. 
At the level of the entrance of the nervus cochlearis (section 29), the area 
tf degeneration on each side has approached close to the raphé, and the more 
entral arciform fibres are scarcely involved, only a little so on one side, but 
1e middle arciform fibres are very scanty. The most caudal of the fibres of 
1e corpus trapezoides may be a little involved on one side. 
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Fic. 1.—Section 9. Separate areas of degeneration on each side of the raphé. 


At a little higher level (section 33), the two areas of degeneration have 
nited into one central area and the raphé at this point is degenerated. The 
legenerated area extends as a transverse band across the central part of the 
nedulla oblongata, and is well posterior to each nucleus olivaris, so that the 
trie of Held and the corpus’ trapezoides are not involved. The nucleus 
mbiguus shows evidence of encephalitis. 

At a little higher level the nervus vestibularis (section 40) has appeared. 


[The central area of degeneration maintains the same relative position through- 
ut the medulla oblongata. At the level where the nervus facialis is well 
leveloped (section 70) the shape of the degenerated area is a little different 
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from what it is lower in the medulla oblongata. At no level are the radicula 
fibres of the nervus cochlearis or the nervus vestibularis, or their termina] 
nuclei, implicated by the degenerated area. The striw acustice of von Monakow 
the striae of Held and the corpus trapezoides largely escape. The area o 
degeneration with destruction of nerve fibres is sharply limited to the area o1 
each side of the raphé, and in this area must be sought the central connections 
of the nervus vestibularis and none of the nervus cochlearis. The area of the 
nucleus of Deiters and the nucleus triangularis escape at all levels. 

The central area of degeneration shows old and recent degenerative p 
cesses. All medullated nerve fibres have disappeared within it, and it is con 
posed of proliferated neuroglia and numerous capillaries with very pronounce: 
perivascular lymphocytic infiltration about some of the vessels, so that there is 
a combination of late lesions with those of a progressive nature; the process 
had not reached a termination at the time of death. 

The nucleus triangularis on each side has lost a considerable number o! 
nerve-cells, and those remaining are not of normal size and shape. The photo- 
graph taken from section 61 and stained with thionin is from the latera 
portion of the nucleus triangularis where the nerve-cells are normally of large: 
size (fig. 9). The section is chosen from the level of highest development of th« 
nucleus triangularis. The nucleus of Deiters contains very few of the large cells 
characteristic of this nucleus, and sections from the level of the knee of the 
nervus facialis are studied especially where these nuclei are best develope: 
The corpus pontobulbare is of normal appearance. 

The area of central degeneration is much smaller at levels corresponding t: 
the upper fibres of the nervus vestibularis and nervus facialis (section 79), and 
becomes very small at section 110, which is at the level of the pons where fibres 
of the nervus abducens leave its nucleus (fig. 10). The nucleus of each nervus 
facialis shows some over-development of capillaries as the late stage of encepha- 
litis. At the upper level of the nucleus of the nervus facialis the encephalitis 
begins to be more diffuse in the central portion of the tegmentum ; the central 
urea of complete degeneration implicating the raphé has almost disappeared. Thi 
diffuse encephalitis in the middle portion of the tegmentum continues in varying 
intensity to the level of the nervus trigeminus and above it, but is mor 
intense below the level of this nerve. The encephalitis is slight in the uppe. 
part of the pons, but becomes very pronounced at the level of the nuclei of th: 
nervus trochlearis and the nervus oculomotorius. 

The cells of the substantia nigra are numerous, but are remarkable in the 
loss of pigment. 


The system of the nervus octavus is one of the most complex and 
difficult to determine in the entire central nervous system. I have not 
found any presentation of it as satisfactory as that of C. Winkler in hi: 
elaborate work. The radicular fibres are fairly well understood, an 
the central fibres of the nervus cochlearis are also known in their essen 
tial details in man, but the course of the central] fibres of the nervus 
vestibularis in man is still very obscure. 
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Marburg states that it is remarkable that a tract analogous to the 
lemniscus or the tractus spino-tectalis et thalamicus, from the terminal 
nuclei of the nervus vestibularis, has not been determined with cer- 
tainty. The statements of Kdélliker, Held and Obersteiner, are too 
indefinite to permit the recognition of a secondary centripetal system. 
Very fine fibres go from the nucleus of Bechterew, the nucleus 
parvicellularis triangularis and the nucleus descendens medially in the 
fibree arcuate and decussate in the raphé, as assumed by Freud, Kolliker, 
Obersteiner and Held. It is difficult to trace further the course of the 
serebropetal fibres of the nervus vestibularis. 


Fic. 2.—Section 33. The degeneration on each side of the raphé has united and 
implicated the raphé. Figs, 3, 4 and 5 are taken from parts of this section. 


Winkler says that on account of the considerable development in 
nan of the cortico-ponto-cerebellar system, and of the influence of this 
system on movements, and of the development of the cortico-spinal 
cract, the reflex system of the nervus octavus has not the importance it 
1as in the lower types. The Deiters’ spinal tract, the spinal portion of 
he two longitudinal fasciculi, the rubro-spinal tract and all the paths 
lesignated as accessory pyramidal tracts, have a relatively feeble 
levelopment in man. It is proper to apply to man conclusions drawn 
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from the reflex paths of the octavus system in animals, as the parts of 
the system of the nervus octavus in man which are comparable to those 
of the higher mammals are only partially known. In man the fasciculus 
of Fuse forms an important union between the nucleus triangularis and 
the nucleus intercalatus and the tegmentum, and the nucleus intercalatus 
is of importance. This is almost all that we know of this portion of the 
system of the nervus octavus in man. 

In order to obtain some idea of the central connections of the nervus 
octavus we are, therefore, forced to study these paths in animals, and 
the work of Winkler in this field has no superior. 

He does not follow the usual custom of separating the nervus 
octavus into the nervus cochlearis with the function of audition, and 
the nervus vestibularis with the function of equilibration. He considers 
this division inexact, and believes it causes difficulty in understanding 
the system, and prevents the possibility of taking into consideration the 
reflex paths of the tractus octavo-mesencephalicus (lemniscus lateralis), 
which passes from the nucleus ventralis of the nervus octavus. 

In the customary acceptation this tract is only one of acoustic 
projection, and no value is attached to the nuclei intercalated. If one 
admits that the nervus cochlearis conducts solely the fibres of the 
cochlea, one is obliged to reserve all the secondary paths from the 
tuberculum acusticum and the nucleus ventralis for excitations coming 
from the cochlea, and this is inexact. Winkler attempts to introduce 
a different conception. The nervus octavus is not formed by two 
nerves, but by as many nerves functionally different as there are 
distinct terminations in the labyrinth. It is not yet possible in highe: 
mammals to indicate for each system a special localization, but pro- 
visionally the apparatus of the nervus octavus may be divided into 


three parts :— 
(a) The fibres of the cochlea. They are contained in the nervus 


cochlearis. 

(b) The fibres of the macule acustice, or fibres of the otolithic organs 
Some of these (those of the sacculus) are in the nervus cochlearis: 
others (those of the utriculus) are in the nervus vestibularis. 

(c) The fibres of the semicircular canals. These are in the nervus 
vestibularis. 

The cochlear fibres are in part for audition; in part a reflex path 
for cochlear excitation. 

The fibres from the otolithic organs conduct the impulses which 
determine the tonic reflexes of the eyes, the trunk and the limbs, o1 
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isplacement of the head in relation to the rest of the body. In 
»llaboration with other impulses, especially kinesthetic, extero-receptive 
nd optic, they determine the position of the different parts of the 
ody. The impulses from the semicircular canals play a secondary réle 
n the production of these tonic reflexes. They are concerned only in 
jnovements of the entire body (reactions of rotation, orientation of the 
ves and of the head after rotation, &c.). 


Fic. 3.—Showing fibres decussating at the posterior part of the raphé, but great 
lestruction of the longitudinal fibres of the raphé, and no transverse fibres decussating near 
the area of degeneration in the lower part of the photograph, 


NERvusS CocHLEARIS. 


The cochlear fibres pass by the nervus cochlearis to the tuberculum 
acusticum and the disto-dorsal portion of the nucleus ventralis. 
Secondary systems from the nucleus ventralis are three :— 

(1) The corpus trapezoides arises in the nucleus ventralis. It is 

1o¢ such an important structure im man as in the rabbit and cat. All 

; associated structures are small in man, so that it must be admitted 

iat the acoustic path of man is less important, or that there must be 


nother path than the corpus trapezoides. 





346 ORIGINAL ARTICLES AND CLINICAL CASES 


Fibres pass from the distal portion of the nucleus ventralis and th 
nuclei trapezoides mediales and establish a crossed and direct connectior 
with each nucleus olivaris superior. The intervention of these nucle 
establishes a new connection direct with the nucleus of the nervu: 
abducens, and by the intermediary of the fasciculus longitudinali: 
posterior with the nuclei of the nervus oculomotorius. All the excita- 
tions derived from change in the position of the head can in this way b¢ 
transmitted to the oculomotor nuclei, both crossed and direct. 
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Fic. 4.—Showing transverse fibres decussating in the lower part of the photograph, b 
none in the area of degeneration in the upper part of the photograph. Fibres may | 
recognized belonging to the corpus trapezoides. Longitudinal fibres in the raphé are abse1 
at the area of degeneration. 


Accepting these statements of Winkler, and recognizing fully 1 
man the connection of the nucleus olivaris superior with the nucleus « 
the nervus abducens, if we may further believe that this connection is b 
means of fibres from the sacculus and utriculus, we are able to under 
stand this important pathway for the function of the otolithic orga: 
as described above by Winkler. These pathways would be serious 
implicated in the central area of degeneration in the case which for 
the basis of this paper. 
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(2) A crossed tract passes from the disto-ventral portion of the 
iucleus ventralis to the two nuclei of the lemniscus lateralis, and from 
hese nuclei there is a direct and a crossed connection for the motor 
olumn of the spinal cord by the fasciculus longitudinalis posterior. 
“he impulses produced by changing the position of the head may be 
ransmitted by this path to the limbs of the same and to those of the 
ypposite side. It seems to me possible that these fibres might be 


Fic, 5,—Fibres of the corpus trapezoides well preserved. 


caught also in an area of degeneration implicating the centre of the 
tegmentum of the medulla oblongata. 
(3) Fibres pass from the disto-ventral portion of the nucleus 
ventralis by means of the ventro-lateral fasciculus of the tractus 
‘tavo-mesencephalicus (lemniscus lateralis) to the posterior eminence 
f the mesencephalon. 
The nucleus here influences by the tecto-reticular path and by the 
tecto-pontile path the two preceding reflex paths, and the tractus 
redorsalis passes from it to the motor columns of the spinal cord. 
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Striz AcustTic# OF voN MoNAKow. 

In man these fibres do not form a compact fasciculus as in the rabbit 
and cat. 

Fibres from the nucleus ventralis and the tuberculum acusticun 
above the area ovalis corporis restiformis are known as the striz acustica 
of von Monakow, and of these may be recognized :— 

(1) Fibres which terminate in the most lateral portion of th: 
nucleus triangularis. These are radicular fibres of the nervus cochlearis. 

(2) Numerous fibres of the striz which cross the nucleus triangularis 
and ventral to the knee of the nervus facialis pass towards the median 
line where they decussate. These form the greater part of the stria 
acustice. They are principally secondary fibres from the tuberculum 
acusticum and the nucleus ventralis. 

(3) Some fibres which pass towards a field medial to the area ovalis 
corporis restiformis and dorsal to the tractus spinalis nervi trigemini, 
known as the pars interna corporis restiformis (corpus juxtarestiforme). 
These fibres of the striz acustice radiate between the cells of the nucleus 
of Deiters, but this nucleus belongs to the vestibular system. 

(4) Very fine fibres which traverse the corpus juxtarestiforme and 
the tractus spinalis nervi trigemini curve toward the raphé, traverse 
the tegmentum dorsal to the nucleus olivaris superior and cross the 
raphé dorsal to the corpus trapezoides. 

The striz acustice of von Monakow occupy the dorsal portion of the 


tegmentum. 


THE SECONDARY Tract oF HELD (StTRIZ OF HELD). 


This passes along the medial surface of the area ovalis corporis 
restiformis across the corpus juxtarestiforme, crosses the tractus spinalis 
nervi trigemini, turns abruptly medially and passes dorsal to the nucleus 
olivaris superior across the tegmentum to the raphé. 

Both the strie acustice of von Monakow and the strixw of Held afte: 
decussation are situated in the area dorsal to the nucleus olivaris 
superior, and then turn in a proximal direction and pass into the 
tractus medio-dorsalis of the fasciculus octavo-mesencephalicus, and 
continue in this fasciculus without interruption, without relation with 
the nuclei olivares superiores or with the nuclei of the lemniscus 
lateralis, to the colliculus posterior mesencephalicus, and by th 
brachium posticum to the ganglion geniculatum mediale. 

It would seem, therefore, that in a central area of degeneration suc! 
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is I have described, the strie of von Monakow might pass largely 
lorsally to the affected area and the strie of Held ventrally to this area, 
ind so escape destruction, and at their point of union they would be 
beyond the affected area. 


[HE FIBRES OF THE MACUL OR FIBRES FROM THE OTOLITHIC ORGANS. 


The fibres derived from the macula sacculi are in the nervus 
ochlearis; the fibres derived from the macula utriculi are in the 
1ervus vestibularis. 


Fic. 6.—Section 70. The degenerated area destroys all fibres at the centre of the raphé. 


The fibres from the sacculus go chiefly to the ventro-distal por- 
tion of the nucleus ventralis; some go by the corpus trapezoides to the 
nuclei trapezoides mediales; a part of the fibres from the utriculus 

»ming from the nervus vestibularis also enter the nucleus ventralis. 
Fibres from the sacculus pass also by the radiatio dorsalis nervi 
vchlearis, by the strive acustice, to the nucleus triangularis, either 
irectly or by a detour. After having traversed the area ovalis corporis 
vestiformis, they enter the radix descendens nervi vestibularis. The 
bres from the utriculus, which reach the radix descendens chiefly by 
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the nervus vestibularis, also enter the nucleus of this root and the 
nucleus trlangularis. 

These two systems of fibres from the macule derive their secondary 
tracts from the nucleus triangularis; chiefly by the path, crossed and 
direct, which comes from the nucleus radicis descendentis nervi 
vestibularis and passes by the fasciculus longitudinalis posterior, 
ascending and descending, to the oculomotor nuclei and the motor 
column of the spinal cord. 

It is also probable that efferent paths from the nucleus of Deiters 
function as secondary tracts for fibres coming from the macule. 

Secondary systems of the otolithic organs from the nucleus tri- 
angularis do not continue in the tractus octavo-mesencephalicus. 

From these statements of Winkler it seems reasonable to assume 
that the fibres of the otolithic organs, associating themselves in their 
secondary paths closely with those of the vestibular system, probably 
function as do the fibres belonging to this system. 

Winkler states that the myelinization of the nervus cochlearis and 
of the nervus vestibularis does not occur simultaneously in the human 
foetus. It begins in the nervus vestibularis and its radicular radiation 
in the foetus of 23 cm. It begins earlier in this phylogenetically more 
ancient root than in the nervus cochlearis, in which the myelinization 
first appears in the foetus of 28 cm., although when the myelinization 
has begun in the fibres of the radiation of the nervus vestibularis, i.e., 
in the foetus of 23 cm., it may also be detected in some fibres of the 
radiation of the nervus cochlearis in the deep layer of the mass situated 
dorsally at the area ovalis corporis restiformis. In the feetus of 28 cm. 
in which the myelinization of the radiation of the nervus vestibularis is 
accentuated, the myelinization is seen also in the medial layer of the 
dorsal radiation, but the nervus cochlearis still shows only partially 
myelinated fibres, and in the lateral layer of the dorsal radiation there 
is no appearance of myelin. 

There is, therefore, in man a difference in the myelinization of the 
two sections of the radicular fibres of the nervus octavus; there is also 
a difference among the fibres of the nervus cochlearis. The portion first 
myelinated in the cochlear radiation of man corresponds in position to 
the fibres of the ramus saccularis in the rabbit. This is an argument 
for the opinion, supported also by anatomical conditions, that the nervus 
cochlearis contains a very recent system coming from the ganglion 
spirale and myelinated in the foetus of 28 cm., associated with another 
system more ancient which is myelinated in the foetus of 23 cm. 
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As shown by the finding revealed in the rabbit by the method of 
Marchi, the system which is first myelinated in man corresponds to the 
part of the cochlear radiation of the rabbit which does not degenerate 
when the distal ganglion of Scarpa escapes in extirpation of the 
labryinth. 

It is not known definitely whether the cochlea alone is concerned 
with audition, or whether the macula sacculi participates in the reception 
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Fic. 7.—Normal nucleus of Deiters from a control specimen. No such groups of large 
cells are found in the degenerated nucleus of Deiters, and only an isolated cell of this type 
here and there is detected. 


of sonorous vibrations, but it seems established that the nervus coch- 
learis and the ramus saccularis form together the dorsal root of the 
nervus octavus, and that the ramus utriculi and the rami ampulares 
form the nervus vestibularis. 

These statements of Winkler are suggestive also that the sacculus 
and utriculus are part of the vestibular system, because a certain degree 
of similarity of function is to be attributed to fibres of a nerve 
distribution which are myelinated simultaneously. 
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THE NERVUS VESTIBULARIS. 


The proximal root of the nervus octavus, the nervus vestibularis, 
penetrates the corpus trapezoides and passes between the area corporis 
restiformis and the tractus spinalis nervi trigemini. This root is 
ventral and medial to the nervus cochlearis, and is known as the radix 
proximalis, or nervus vestibularis. The greater portion of its fibres pass 
to the nucleus triangularis. 

A large number of its fibres reaching the corpus juxtarestiforme turn 
abruptly distally into a field ventral to the corpus juxtarestiforme and 
dorsal to the tractus spinalis nervi trigemini. This field can be followed 
downward to the commencement of the posterior columns, and is known 
as the tractus descendens nervi octavi; it is composed in large part by 
the fibres of the nervus vestibularis. 

In its course distally it is accompanied by the nucleus triangularis 
which extends also as low as the nuclei of the posterior columns, and 
the fibres of the tractus descendens leave the tract at right angle to 
terminate in this nucleus; but within its fibres at the medial side is 
the nucleus tractus descendentis nervi octavi, in which its fibres also 
terminate. 

Some fibres of the nervus vestibularis pass proximally, forming the 
tractus ascendens. This tract is scarcely represented in the rabbit but 
is much more distinct in the cat. It curves proximo-medially toward 
the lateral wall of the fourth ventricle; some of its fibres terminate 
in the nucleus of Bechterew and another portion terminates in the 
proximal part of the nucleus triangularis. 

Winkler recognizes as primary nuclei of the nervus vestibularis the 
nucleus triangularis and the nucleus tractus descendentis nervi octavi 
He has never succeeded, in spite of numerous attempts, in following 
the radicular fibres of the nervus octavus to the cerebellum or into its 
nuclei. 

The nucleus triangularis is rightly regarded as the principal nucleus 
of the nervus vestibularis. This nucleus extends from the nucleus of 
Bechterew to the nuclei of the posterior columns. It is always accom- 
panied by the radix descendens of the nervus vestibularis. This nucleus 
is rich in fine fibres derived from the radix descendens. It is traversed 
by fibres of different origin, as the strie acustice and the tractus 
vestibulo-spinalis. This nucleus is largest at the knee of the nervus 
facialis. Some of the medium-size cells of the nucleus triangularis form 
a bundle to the tractus of Fuse, which puts them into relation to the 
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formatio reticularis. I shall have occasion further on, in speaking of 
the strie acustice of Piccolomini, to refer to this statement. 

Winkler says that some of the fibres of the nucleus triangularis 
nter the nucleus of Deiters or the nucleus proprius of the radix 
lescendens ; finally they pass in large number by the fibre tegmento- 
‘erebellares to the cerebellum. The nervus octavus does not send any 
fibres to the cerebellum in higher vertebrates, but its primary nuclei 
have considerable connections with it. Two fasciculi come from the 


Fic. 8..—Normal nucleus triangularis for comparison with fig. 9. 


nucleus triangularis: the fibre perforantes mediales and the fibre 
perforantes laterales (fibre tegmento-cerebellares). The fibres sur- 
‘ounding the cells of the nucleus of Deiters and the nucleus proprius o 
the radix descendens come chiefly from the large cells of the nucleus 


triangularis. 

The chief function of the cells of the nucleus triangularis is con- 
nection with the neighbouring nuclei. Long fibres come from the large 
ells of its ventro-lateral pole, and for this reason these cells are 
issigned to the nucleus proprius radicis descendentis. The cells of 
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the nucleus triangularis are chiefly relay cells. They have three chief 
connections :— 

(1) With the nucleus nervi abducentis and the nucleus nervi 
hypoglossi. 

(2) With the cells of the nucleus of Deiters and of the nucleus 
proprius radicis descendentis ; these are connected proximally by long 
fibres with the nuclei nervi trochlearis and nervi oculomotorii, and 
distally with the medial group of the spinal cord. 

(3) With cells of the cerebellar nuclei. 

The nucleus of Deiters and the nucleus radicis descendentis are 
under the influence of the cerebellum. A considerable mass of fibres 
passes to the cerebellum from the nucleus triangularis. The greater 
part of the longitudinal fibres of the corpus juxtarestiforme degenerate 
toward the cerebellum ; these are the fibre perforantes corporis juxta- 
restiforme or fibre tegmento-cerebellares, of which there are two layers, 
the fibre laterales and the fibre mediales. 

The nucleus dentatus receives few of the fibre tegmento-cere- 
bellares; it and the nucleus emboliformis receive the fibre laterales, 
the nucleus globosus and the nucleus fastigii receive the fibree mediales. 
The nucleus fastigii and the nucleus globosus send out a fasciculus of 
fibres to the nucleus of Deiters and the nucleus radicis descendentis 
nervi vestibularis, known as the fasciculus uncinatus. 

Cerebellar nuclei also send fibres te the mantle of the nucleus 
olivaris superior. They also send fibres through the brachium con- 
junctivum cerebelli to the nucleus ruber, from which is derived the 
tractus rubro-spinalis, which runs through the tegmentum of the 
medulla oblongata. 

It is probable that some of these fibres were affected in the degenera- 
tion of the tegmentum I have described, as in the upper part of the 
pons a considerable area was involved by the encephalitis in addition to 
the central area of degeneration in the medulla oblongata and lower 
pons. Loss of vestibular function may have been in some measure 
caused in this manner, by implication of reflex fibres. 

From the nucleus of Deiters comes the tractus vestibulo-spinalis 
which forms a connection with the motor cells of the spinal cord, 
especially with those of the cervical segments. This tract may have 
been implicated at least partly in our case, as it is dorsal to the 
nucleus olivaris. 

Sachs and Alvis, in their experimental work on the nervus octavus 
of the dog, were unable to confirm the observations of Fraser that large 
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numbers of fibres from Deiters’ nucleus pass up the fasciculus longi- 
tudinalis posterior. In none of their cases, however, were the lesions 
as large or extensive as those that Fraser produced. 

Winkler speaks of the fibres coming from the nucleus of Deiters 
and the proximal part of the nucleus radicis descendentis as forming a 
considerable fasciculus, which makes a connection with the nuclei of the 
nervus abducens and the nervus oculomotorius by the fasciculi longi- 
tudinales posteriores. This fasciculus could hardly have escaped in 
our case, and to its involvement is probably due, partially, the loss of 
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. 9.—Section 61. Photograph taken from a level corresponding as nearly as possible 
with fig. 8. A great difference is seen in the nervecells, 


vestibular function. The nucleus of Deiters is situated proximally 
in the vestibular system, and receives fibres from the semicircular 
canals. The representation of this fasciculus in Winkler’s figure 312 
A of the rabbit’s brain, shows the tract sufficiently far forward to 
be a central area of degeneration at the raphé interrupted by such as 
I have described. 

Winkler states that the Bardny reaction of the head and eyes to 
rotation may be obtained in a rabbit without a cerebellum, even after 
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removal of the prosencephalon and thalamencephalon, i.e., in an animal 
with only a mesencephalon. Even without a mesencephalon, if the 
nucleus of Deiters is respected and the vestibulo-spinal tract functions, 
an animal still responds to rotation by a reversed movement of the 
head, effected by the musculature of the neck. The vestibulo- 
mesencephalic fibres must, therefore, have an important rdéle in the 
Barany reactions in the rabbit at least, and presumably also in man. 


THE StRie AcusTIC® (PICCOLOMINI) OF THE FoUuRTH VENTRICLE. 


The relation of these strie to the nervus octavus needs further 
study. Winkler states that the tuberculum acusticum of man differs 
from that of all other mammals, as at its dorso-lateral border are 
the fibres of the strie medullares (acustice of Piccolomini), which 
certainly have no direct relation with the nervus octavus and no part 
in audition. They are distinct only in man (Fuse). Winkler believes 
these fibres arise in the pedunculus floccularis of the cerebellum, pass 
along the floor of the fourth ventricle towards the raphé, cross this, 
and terminate, at least partly, in the formatio reticularis of the teg- 
mentum pontis. He thinks it is possible that these fibres pass 
dorso-ventrally and into the nucleus arcuatus medialis. 

Schroeder van der Kolk believed the striz medullares had no 
relation with audition. He found them well developed in a deaf mute 
and absent in a musician. 

These fibres become medullated after birth, and they atrophy, 
according to Winkler, with destruction of the pars flocculus of the 
cerebellum. 

Because the stris medullares and the nucleus ponto-bulbaris are 
important structures in man and not in animals is no argument against 
their possible relationship to the vestibular system. Parts of the 
octavus system important in the higher mammals are less important in 


man. It is well at least to consider whether these structures could 


have a réle in vestibular function. 

Marburg states that Fuse, a pupil of von Monakow, was the first to 
demonstrate with certainty the relation of the strize medullares (strie 
acustice, strise cerebellares, Bodenstriew, strie of Fuse) to the cere- 
bellum, although Kolliker and Bechterew had assumed that this 
connection existed. Ziehen had employed the name striew cerebellares 


for them. 
Spiegel, as Kélliker had done, established a relation between these 
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strie and the nuclei eminentie teretis, and compared these nuclei with 
the nuclei arcuatus, and regarded them as analogous with the pontile 
nuclei. He also considered the conductor sonorus as connected with 


she striae medullares, and believed that a part of the medial abnormal 
fibres of the fourth ventricle represented a part of these strize, which 
nstead of passing directly from the nuclei eminentiz teretis into the 
raphé, ran a short distance caudally or orally before entering the 


Mi me 


Fic. 10.—Section 110. The central area of degeneration has greatly diminished in size at 
this level corresponding to the nucleus of the nervus abducens on each side. 


raphé. The conductor sonorus represents a variation also of these 
strie, and passes forward in the region of the brachium conjunctivum, 
» reaching the cerebellum, while the stri# pass into the corpus 
sstiforme. Spiegel regarded the strie as phylogenetically a relatively 
young system and not definitely established, therefore capable of 
ariation. These fibres are very imperfect in animals. 
Fuse denied a relation of these striae to the nucleus arcuatus, but 
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brought them into relation with the nuclei of the substantia reticularis 
near the raphé. He compared these fibres with those of the middle 
cerebellar peduncle. 

Marburg studied a case in which these strie, on one side only, 
stained in a peculiar manner in Weigert preparations, and therefore 
could be traced. Previous studies on embryological tissue had prepared 
him for the conclusion that these strie are nothing more than a 
bundle arising in the corpus ponto-bulbare and passing to the cere- 
bellum. He confirms fully the findings of Essick regarding the corpus 
ponto-bulbare. 

He says that in some cases fibres pass from the corpus ponto-bulbare 
ventrally, curve laterally about the nucleus olivaris and the outer part 
of the anterior pyramid, enter the raphé, cross to the opposite side to 
the floor of the fourth ventricle and probably are in part interrupted in 
the nuclei eminentize teretis, then pass on the floor of the fourth 
ventricle towards the corpus restiforme. 

In addition to these fibres it is possible that other fibres pass from 
the corpus ponto-bulbare dorsally about the corpus restiforme and then 
appear cut off. Marburg was able to determine that some of these 
fibres have a course somewhat resembling that of the strie of von 


Monakow, and form a part of the most dorsal of the fibre arcuate 
interne, then cross with these to the other side. It is possible that 
where these fibres appear as if cut off they merely change their 
direction, and after passing a little distance forward enter the strize 


medullares. 
A third course for fibres from the corpus ponto-bulbare is definite. 


Arcuate fibres pass from this nucleus with the pretrigeminal marginal 
fibres, or a little dorsal to these, medially. Some of these he could 
follow to the raphé crossing to the opposite side. Marburg places 
the most important part of the corpus ponto-bulbare ventral to the 
nucleus ventralis. He believes the strie medullares represent a system 
interrupted in the corpus ponto-bulbare, which, like the pontile fibres, 
passes from the cerebral cortex caudally, not always in the same manner, 
partly by means of the fasciculus obliquus, or caudal to the pons by 
means of the pyramid. 

Whether this system, analogous to the pontile system, has a special 
function or is merely ontogenetically a part of the pons, cannot be 
determined with certainty, but it is more probable that the latter view 


is correct. 
Spiegel, in a paper on the nucleus funiculi teretis, quotes Fuse as 
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showing that degenerated fibres of the striw acustice of von Monakow 
n man could be followed from a lesion of the lemniscus lateralis to the 
tuberculum acusticum, while the strie medullares of Piccolomini were 
intact. It is important to study Essick’s paper on the corpus ponto- 
bulbare. 

In 1907 Essick described a ganglionic mass which can be seen over- 
lapping the corpus restiforme just caudal to the tuberculum acusticum 

nd forming a direct latera! process or extension of the ganglion mass 
of the pons. To this structure Essick gave the name of corpus ponto- 
bulbare. He states that it was seen long ago by Clarke, who regarded 
it as an aberrant strand from the strie medullares, and it probably was 
seen by Arnold, who also described it as belonging to the strial system. 
The caudal tip was described by Retzius ana Henle, but none of these 
observers followed the structure in cross sections, and its significance 
was overlooked. LEssick’s paper gives the first description of its whole 
form, and for the first time demonstrates its connection with the 
ganglion mass of the pons. 

As he describes the corpus ponto-bulbare, it constitutes a horn- 
shaped process of the pons which extends caudally, wrapping around the 
jateral side of the corpus restiforme so as to end on its dorsal surface, 
forming, in part, the lateral boundary of the fourth ventricle. It can 
be seen making its appearance on the ventro-lateral surface of the pons 
near the emerging root bundles of the nervus trigeminus and extending 
backward, passing between the roots of the nervus octavus and the 
nervus facialis. Continuing backward ventral to the corpus restiforme, 


the main mass passes dorsal to the emerging roots of the nervus 


clossopharyngeus. 

As soon as these caudally directed fibres leave the pons they are 
iccompanied by a cellular mass which is itself distinct from the neigh- 
bouring structures. This nuclear mass fuses with the pons between 
the nervus facialis and nervus octavus, and gains the dorsal surface of 
the medulla oblongata by passing around the corpus restiforme caudal 
to the tuberculum acusticum. 

There are some serious objections to considering the striae medullares 
is part of the vestibular system. They are medullated much later than 
ire fibres of the nervus vestibularis. They are insignificant in lower 
inimals. No one has asserted that a connection exists between them 
ind the nervus vestibularis. I have failed to find any degeneration of 
the cells of the corpus ponto-bulbare in the case described in this paper, 
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and the strie medullares were seriously degenerated in this case. There 
is, however, another aspect to this question. 

The fronto-ponto-cerebellar tract may be a fasciculus, according to 
some authorities, by which the frontal lobe exerts control over the 
equilibrium, and in this way may be explained the frontal ataxia of 
Bruns produced by tumours of the frontal lobe. 

Donath says Bardny in 1913 called attention to vestibular symptoms 
produced by tumours of the frontal lobe. Szasz and Podmaniesky, in 
1917, found in injuries of the frontal brain that spontaneous past- 
pointing could be demonstrated in the minority of cases, but could be 
obtained easily by cooling off the skin with ethyl chloride. This 
reaction takes place through the ponto-cerebellar tract. Their 
observations were confirmed by Blohmke, Reichmann and Mann. 

Donath in this same paper speaks of the remote effects of tumours 
of the frontal lobe as vestibular disturbances of equilibrium associated 
with nystagmus. 

The corpus ponto-bulbare has the structure of the pontile nuclei 
and may be in connection with ponto-cerebellar fibres coming from the 
cerebrum; by close association with the vestibular system it is possible 
that it and the stria medullares may have an important réle in the func- 


tion of this system. It is to be recalled in this connection that Winkler 
found fibres passing from the nucleus triangularis to the striz# medul- 
lares, and he speaks of the fasciculus of Fuse as forming an important 
union between the nucleus triangularis and the nucleus intercalatus and 
the tegmentum. 


The fasciculi of the nervus octavus in its vestibular system, which 
possibly might be considered as injured in such a central lesion of the 
medulla oblongata as I have described, are :— 

The tractus vestibulo-spinalis situated dorsally to the nucleus olivaris. 
The tractus rubro-spinalis. 

Fibres of the ramus sacculi and possibly of the ramus utriculi which 
pass in the corpus trapezoides to the nucleus olivaris superior, and 
from here form a connection with the nucleus of the nervus abducens 
and the nervus oculomotorius. 

Fibres of similar origin which pass to the two nuclei of the lemniscus 
lateralis, and from these nuclei form a connection with fibres passing 
to the fasciculus longitudinalis posterioris for the motor column of th 
spinal cord, and possibly for the nuclei of the nervus abducens and th¢ 
nervus oculomotorius. 
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Fibres from the ramus sacculi by means of the nervus cochlearis and 
the striz acustice of von Monakow to the nucleus triangularis and the 
nucleus radicis nervi octavi, which form a connection with fibres from 
these nuclei passing to the fasciculus longitudinalis posterior and to the 
nuclei of the nervus oculomotorius and to the motor columns of the 
spinal cord. 

Fibres of the ramus utriculi by means of the nervus vestibularis to 
the same nuclei and forming a similar connection. 

Fibres of similar origin and destination by way of the nucleus of 


Deiters. 

Reflex fibres from the primary nuclei of the nervus octavus through 
the cerebellar nuclei and by means of the fasciculus uncinatus and of 
fibres to the mantle of the nucleus olivaris superior entering the 
tegmentum of the medulla oblongata. 

Possibly fibres of the strize acustice of Piccolomini and of other 
fibres from the corpus ponto-bulbare passing ventrally and then into 


the raphé. 
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THE RELATIONS OF THE CORPUS STRIATUM AND THE 
PALLIUM IN VARANUS, AND A DISCUSSION OF THEI| 
BEARING ON BIRDS, MAMMALS AND MAN. 


WILLIAM HERMAN, M.D., BOSTON. 


(From the Central Institute for Brain Research, Amsterdam.) 


Part I.—THE NEOSTRIATUM AND ARCHISTRIATUM. 


Ir is with considerable trepidation that one approaches a subject 
so profoundly studied by distinguished investigators as the striate 
complex, 

The history of the approach to this problem has been thoroughly 
reviewed by Wilson [23], extending from the rather naive concept of 
Thomas Willis in 1667 to the very detailed and accurate studies of 
both its anatomy and physiology at the present time. 

But the very multiplicity of approach and mass of work which has 
accumulated has led to such confusion of terminology and interpreta- 
tion that there has arisen a need of simple studies on simple animals 
in which one can observe anatomical relationships, as they first arisé 
in phylogenetic development in response to new adaptive needs. 

Following the suggestion of Dr. C. U. Ariéns Kappers, Varanus 
salvator was the animal selected for this study. 

Of the reptilian series, the varanus is peculiarly suitable on account 
of the striking clearness of the striatal fissures, and the resulting division 
of the striatum into the archistriatum, neostriatum and paleostriatum. 

The three components of the striatum have already been demon 
strated in reptilia by Kappers [13] and de Lange [6]. These will lx 
discussed as they appear in varanus, proceeding latero-medially in 
sagittal sections. Both cross and sagittal series of varanus were used, 
stained by the Weigert-Pal and paracarmine method as described b\ 
Kappers and Ketjen in 1911 [14]. 

Passing latero-medially in sagittal sections the ventricle is seen t 
be almost entirely filled by a mass projecting into it, and progressin; 
medially we find that this mass of tissue is not a continuous projection 
but shows dorsally a distinct fissure extending from the ventricle wa! 
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_ Neostriatum 
a8 Fissura neo-archistriatica 
oe Archistriatum 


Neostriatum 


Paes Fissura neo- 
Archistriatum ‘ c archistriatica 


A.—Varanus griseus, B. —Tubinambis teguixin. 


Fissura neo-archistriatica 


Archistriatum 


Neostriatum 


« Tr. cortico- 
archistriaticus 


C.—Varanus salvator : Sagittal section. 


Fig. 1.—A, a photograph of Varanus griseus, taken at twice natural size and 
showing the marking off of the neostriatum from the archistriatum by the fissura 
neo-archistriatica ; B. a photograph of Tubinambis tequixin taken at twice natural 
size, showing again the marking off of the neostriatum from the archistriatum by 
the fissura neo-archistriatica; C, a photograph of Varanus salvator cut in the 
sagittal plane. It shows the supra-ventricular-lying pallium and the striatum filling 
the ventricle. The fissura neo-archistriatica marks the neostriatum off from the 
archistriatum, and the tractus cortico-archistriaticus passing fan-like over the 
archistriatum 
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into the grey substance, and marking off the mass into an anterior and 


posterior portion. 
A similar intraventricular mass has been described by Elliot Smith 


[20] in sphenodon under the name of hypo-pallium, but in sphenodon 
the fissure which Kappers [13] has designated the fissura neo-archi- 
striatica is not present. It is probable, according to Kappers, that the 
intraventricular mass in this animal is similar to that in the turtle, 
and represents only the archistriatum. The term fissura neo-archi- 
striatica is used in varanus, because the fissure marks off the anterior 
portion of the mass, the neostriatum, from the posterior portion, the archi- 
striatum. The neostriatum is homologous to the putamen and caudate 
nucleus of mammals. The archistriatum is homologous to the amygdala. 

Elliot Smith has clearly demonstrated the infolding of the cortex of 
the pyriform lobe in sphenodon, but as in this animal there is no 
visible fissura neo-archistriatica, he seems to have regarded the whole 
striate complex as the homologue of the mammalian putamen and 
caudate nucleus (namely, the neostriatum) (fig. 1, A and B). 

The marking off of the neostriatum from the archistriatum in 
varanus by the fissura neo-archistriatica is but one indication of the 
distinctive character of these two portions of the corpus striatum. 
Indeed here the first chapter in phylogenetic history of striatal 
differentiation in function is clearly indicated (fig. 1). 

In figs. 1 and 2 a great mass of tertiary olfactory fibres is seen 
spreading out fan-wise in the archistriatum. None of these fibres passes 
anterior to the fissura neo-archistriatica. They are wholly limited to the 
archistriatum, and hence this tract, already described by Edinger | 9], 
has been called by Kappers the tractus cortico-archistriaticus. Besides 
this I found an efferent connection running from the archistriatum 
and the hypothalamus, which I shall henceforth term the tractus 
amygdalo-hypothalamicus (fig. 5). This tract suggests a similar 
efferent connection of the amygdala found by von Monakow [21] in 


mammals (fig. 2). 

Figs. 2 and 3 demonstrate the third point which I wish to stress 
in the distinctive character of the neo- and archistriatum. These 
sections are mesial to that of fig. 1, and here the great mass of fibres 
passing from the thalamus to the neostriatum is seen. These fibres 
proceed in a frontal direction and pass mesial to those of the tractus 
cortico-archistriaticus ; the latter tract proceeds in a caudal direction. 

It is evident that these two systems, which cross each other, the 
cortico-archistriatic and the thalamo-neostriatic, are completely distinct 


both in their origin and in their destination (fig. 3). 





THE CORPUS STRIATUM AND THE PALLIUM IN VARANUS 


Fissura neo-archistriatica 
Tectum | Tractus cortico-archistriaticus 
| 


Paw 
= . 
SS, ~ 


-- —— Archistriatum 


— Neostriatum 


Tractus cortico- 
neostriaticus 
Primordium neopallii 


Tractus thalamo- 
neostriaticus 


Fic. 2.—A sketch of a sagittal section of Varanus salvator, 100 times natural 
size, showing the tractus cortico-archistriaticus passing entirely to the archistriatum, 
and the tractus thalamo-neostriaticus passing to the ventral two-thirds of the neo- 
striatum. The tractus cortico-neostriaticus is seen hooking under the ventricle and 
passing to the dorsal portion of the neostriatum. It passes under the ventricle just 
dorsal to the primordium neopallii. 
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Fic. 3.—A photograph of Varanus salvator in sagittal section. The 
relation of the tractus thalamo-neostriatica to the thalamus and the 
neostriatum is demonstrated. 
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There is a fourth and very important difference between the archi- 
and neo-striatum. Whereas the archistriatum has an entirely pallial! 
(latero-dorsal) origin, the neostriatum arises both from the base of the 
brain anterior to the paleostriatum and from the adjacent pallium 
(fig. 7). These facts were unmistakably demonstrated by Kappers 
[16] in his studies on birds and mammals. The findings in varanus 
are entirely in accord with them (compare fig. 7 of this paper with his 
figs. 7 and 15). 

To recapitulate: There are four facts learned from a study of 
varanus, which unmistakably indicate the distinctive morphological and 
functional character of the neo- and the archi-striatum. 

(a) The fissura neo-archistriatica. 

(b) The tractus cortico-archistriatica. 

(c) The tractus thalamo-neostriatica. 

(ad) The basal as well as pallial origin of the neostriatum in contrast 
to the purely pallial (lateral-dorsal) origin of the archistriatum. 

There is no doubt that in their genetic relationship with the 
ingrowing pallium the archi- and neo-striatum have a partly common 
origin, as was so beautifully demonstrated by Elliot Smith in his studies 
of sphencdon, but in view of the findings in varanus the term hypo- 
pallium introduced by Smith [20], though suggestive from the stand- 
point of origin, is inadequate from the point of view of more 
differentiated function. Certainly in any study of reptilia, a class so 
fascinating because of its dramatic emergence into a strikingly new 
and perforce more differentiated form of existence, the attention is 
naturally focused on this further differentiation. 

It appears clearly, in varanus, that the so-called hypopallium 
assumes a twofold morphological and functional character. Due to 
the fissuration and the large number of thalamic fibres passing anterior 
to the fissure, as well as the definite directing of all tertiary olfactory 
fibres posterior and lateral to the fissure, we are forced to conside1 
Smith’s hypopallium in varanus as a striatal complex consisting of 
two parts, differentiating themselves in accordance with the more 
differentiated life habits of the animal. The neostriatum, by its con- 
nection with the nucleus rotundus of the thalamus (mesial nucleus) 
and anterior thalamic nucleus co-ordinating trigeminal touch-sense with 
telencephalic functions, probably serves the new and highly important 
oral functions, whereas the archistriatum remains chiefly olfactor, 
(fig. 5). 

On the upper surface of the neostriatum a shallow fissure is next 
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seen in varanus (see fig. 6), penetrating a short distance into its most 
dorsal aspect. This fissure, which runs in an antero-posterior direction 
and forms a shallow groove just mesial to the lateral half of the 


Fissura longitudinalis 


mordium 
eopallil 


Fic. 4.—A photograph of a cross section of Varanus salvator, showing the neo- 
striatum, the fissura longitudinalis indenting it, and the primordium neopallii. 


Archistriatum 
Fissura neo-archistriatica 
Neostriatum 


rractus amygdalo- 
hypothalam. 


rractus cortico- pe 
archistriatica 


Tr. thalamo-striatica and strio-thalamica. 
Lat. striate artery 
Fic. 5.—A photograph of a cross section of Varanus salvator. 
The tractus amygdalo-hypothalamicus can be seen here passing from 
the archistriatum into the efferent strio-thalamic radiation. 


neostriatum, has been named by Kappers [15] the fissura longitu- 
dinalis. S. J. de Lange [6] first described this fissure in varanus, 
and suggested that it might be an evidence of differentiation of the 
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neostriatum into the putamen and caudate nucleus. He compared it 
to the fissure seen in mammalian embryos, with which, however, 
Kappers [15] has later shown it to be not homologous; the fissure in 
mammalian embryos alluded to by de Lange being the fissura neo- 
paleostriatica of Kappers (fig. 6). 

The fissura longitudinalis may be of great importance as a functional 
dividing line. Dr. Arthur Young, working in this Institute at present, 
has observed in the neostriatum of varanus, and even more distinctly in 
Crocodilus porosus, two obliquely running fibre tracts, one ending 
medially and the other laterally to the fissura longitudinalis, thus being 
apparently different in character. Similar fibre systems were observed 
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Fic. 6.—A photograph of a sagittal section of Varanus salvator. 
The fissura longitudinalis is seen marking off the neostriatum 
laterally by a shallow groove. The nucleus rotundus of the 
thalamus is here clearly visible. 


by Wallenberg in birds. Kappers [15] shows in his book a diagram 
of tke origin of these fibres based on the researches of Edinger, Wallen- 
berg, and Schroeder, the tractus thalamo-striatalis frontalis medius 
arising from the anterior and dorsal nucleus of the thalamus, and the 
tractus thalamo-striatalis lateralis arising from the nucleus rotundus of 
the thalamus. The course of these tracts is similar to those in varanus, 
passing medially and laterally to the fissura longitudinalis. They 
suggest, however, no homology by their position, structure, or by the 
arrangement of their afferent fibre tracts to any later division into the 
putamen and caudate nucleus. As we know, such a division in 
mammals and man is entirely conditioned by the passing between the 
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itamen and caudate nucleus of the fibres of the internal capsule. 
[oreover, even in mammals the division of the putamen and caudate 
more or less arbitrary, depending entirely on the varying position of 


he capsula interna (de Vries) [8]. 

The distinct direction of these two neostriatal tracts, running in an 
‘ute angle to one another, as well as their different origin, suggests a 
robable difference in function. The tractus lateralis, moreover, sends a 
w fibres to the lateral cortex, and that part of the neostriatum lying 
iteral to the sulcus longitudinalis may well be more related to the 
ulium than the portion lying mesial to the sulcus (figs. 6 and 7). 


eee ee eae = SOC issuira longitu, 


Neostriatum 
joining the pallium 
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Fic. 7.—A photograph of a sagittal section of Varanus salvator, showing 
the junction of the pallium and neostriatum anterior to the fissura 
longitudinalis. 


In varanus a fibre tract, hitherto undescribed, was seen to pass from 
the latero-frontal cortex into the dorsal and anterior third of the 
ostriatum (see figs. 8 and 9). From these two drawings it can be 
en that the tract spreads like a cap from the pallium, hooking under 
the lateral ventricle and passing into the neostriatum. The tract is 
en at the extreme lateral aspect of the hemisphere in cross sections 
igs. 8 and 9) and at the extreme anterior aspect in sagittal section 
ig. 9). It passes under the ventricle to enter the neostriatum, 
nmediately dorsal to a thickening of the pallium in the lateral and 
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anterior wall of the hemisphere. The tract described above is an un- 
mistakable connection between the cortex and the lateral, anterior an 

dorsal part of the neostriatum. We shall therefore call it the tractus 
cortico-neostriaticus. It is interesting that this tract appears in varanu: 
in an area adjacent to the formation of the primordium neopallii, an 

hooks under the ventricle just dorsal to this (figs. 8 and 9). 

Passing a few sections medially, it becomes clear that the lateral an: 
anterior part of the neostriatum is identical in structure with th: 
inbending pallium (fig. 6). This fact is even more strikingly demon 
strated a little further mesially, as that portion of the neostriatum whic] 
lies anterior and lateral to the fissura longitudinalis becomes distinct 
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Fic. 8.—A sketch of a cross section of varanus, enlarged 100 times natural size, 
showing the tractus cortico-neostriaticus hooking under the ventricle just dorsal to 
the primordium neopallii. The lateral striate artery, one of the landmarks marking 
off the neostriatum from the paleostriatum, is seen here. 


from the main mass of the neostriatum and fuses with the anterio1 
pallium (figs. 7 and 9). 

The presence of the tractus cortico-neostriaticus, which reveals a 
connection between the cortex and that portion of the neostriatum 
lying lateral to the fissura longitudinalis, may be another indication ol 
the division here of the neostriatum into both a portion of purely pallia 
origin and one of mixed origin, pallial and basal. The question may lx 
raised here as to whether that portion of the neostriatum arising fro) 
the pallium alone may not be homologous to the hyperstriatum superiu 
described by Kappers in birds [16]. In this paper Kappers writes 
follows: ‘“‘ Whether the hyperstriatum superius of birds (which aris 
only from the mantle) is included in the neostriatum in mammals 
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‘t, cannot be settled as yet with certainty. The possibility exists that 
is represented in mammals and man by the claustrum, which also is 
ventricular ingrowth of the pallium (a hypopallial product in the 
nse of Elliot Smith, I.c.),”" E. de Vries [7], in a study of mammalian 
nd human embryos, comes to the conclusion that the ontogenetic 
velopment of the claustrum in man is quite independent of the 
pus striatum, and that the origin of its cells is like that of the 
tical cells. In cercopithecus, an Old-World ape, he finds that the 
austrum is separated from the cortex, but joins it at the transition 
int of the neocortex into the lateral olfactory cortex. In guinea-pigs 


Archistriatum 
Fissura neo-archistriatica 


Neostriatum 


Tractus cortico 


neostriaticus 


Primordium 
ne ypal i 


Tractus thalam> 


neostriaticus 


Fic. 9.—A sketch of a sagittal section of varanus, fifty times enlarged, showing 
the tractus cortico-neostriaticus passing into the dorsal third of the neostriatum. 
The tractus thalamo-neostriaticus is seen over the ventral two-thirds of the neo- 
striatum. The tractus cortico-neostriaticus is seen passing under the ventricle to 
the neostriatum, just dorsal to the primordium neopallii. 


luring development he found that the claustrum formed a process of 
the deepest cortical layers of the adjacent pallium, passing from the 
neocortical region into the olfactory lobe and around the sulcus rhinalis 
lateralis. Atasimilar place in Chelone midas, Elliot Smith [20] showed 
in a very clear diagram the rudiment of the primordium neopallii. 

Now, in varanus at an homologous point, dorsal to the fissura 
rhinalis anterior (see figs. 8 and 9), a similar thickening, indicating the 
primordial neopallium, is seen. Passing immediately dorsal to this 
thickening, and proceeding into the neostriatum, is the tractus cortico- 
neostriaticus, described above. This tract passes into the anterior and 





372 ORIGINAL ARTICLES AND CLINICAL CASES 


~~ 


lateral portion of the neostriatum, and never proceeds farther ventrally 
than its dorsal third. On the other hand, the fibres of the tractu: 
thalamo-neostriaticus pass only to the ventral two-thirds of the neo- 
striatum and cannot be observed in the dorsal third (see fig. 9). 

It seems well to summarize here these points :-— 

(a) The afferent thalamic fibres to the neostriatum supply only its 
ventral two-thirds. 

(b) The tractus cortico-neostriaticus, a connection between the 
cortex and neostriatum, is seen only in the dorsal third of the neo- 
striatum. 

(c) The fissura longitudinalis marks off the neostriatum in its dorsa! 
or ventricular aspect, into a medial and lateral portion. 

(d) The lateral, anterior and dorsal portions of the neostriatum are 
structurally identical and fused with the pallium in the region of the 
rudiment of the primordial neopallii. 


The Paleostriatum. 


As we pass further medialwards in the sagittal series, the paleo- 
striatum, the oldest portion of the striate complex and the homologue of 
the globus pallidus of mammals and man, makes its appearance. This 


nucleus is entirely basal in origin. It is still very small, even in 
amphibia, but is markedly enlarged in reptilia. In birds it has become 
so large that it has been designated by Kappers [16] the paleostriatum 
augmentatum (Kdinger’s mesostriatum). In this memoir we will limit 
ourselves to the term paleostriatum. 

The paleostriatum in varanus arises in the area corresponding to th 
tuberculum parolfactorium, at the level of the foramen of Monroe, and 
lies directly ventral to the neostriatum. There are three landmarks 
dividing the paleostriatum from the neostriatum in varanus. One is 
the lamina medullaris externa. This lamina, which is rich in blood- 
vessels, is more striking in crocodiles, but is regularly present in 
varanus behind and at the level of the foramen of Monroe. It was also 
beautifully shown by E. C. Crosby [5] in her description of Alligato) 
mississipiensis, dividing her ventro-lateral area (paleostriatum) from the 
dorso-lateral area (neostriatum). This lamina is even more striking in 
birds, and Kappers {16] has found it to be here very vascular. Also 
John Hunter |11] in his description of the Australian kiwi observed 
this vascular lamina dividing the paleostriatum from the neostriatum. 

A second landmark in this region is the lateral striate artery (figs. 
4, 5,8). Elliot Smith [20] demonstrated a very remarkable homolog: 
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n the position and constancy of this artery. He showed that at the 
lace where the middle cerebral artery crosses the endorrhinal fissure, a 
large perforating branch is given off in the turtle’s brain, which passes 
\long the vascular boundary line between the paleo- and neo-striatum. 
He has also quoted the work of Ziehen and Retzius, who have shown in 
. large series of investigations of mammalian embryos that one or more 
arge arteries enter the brain at the same place, namely, the postero- 
ateral corner of the tuberculum olfactorium, just mesial to the olfactory 
tract and anterior to the tubercle of the olfactory tract. 

A third landmark between the paleostriatum and neostriatum in 
aranus is the fissura paleo-neostriatica. This fissure was first described 
by Kappers [16] in birds and mammals. 

To recapitulate : The paleostriatum in varanus, which is homologous 
to the globus pallidus in man, is an entirely basal structure of large 
‘ells located in the medio-ventral portion of the striate complex. It is 
narked off from the neostriatum by (a) the lamina medullaris externa ; 
)) the lateral striate artery ; (c) the fissura paleo-neostriatica. 

The paleostriatum sends out efferent fibres by the basal forebrain 
peduncle, which connect the striatum with the hypothalamus and the 
inid-brain. 


Part II. 


In the preceding section I have presented a morphological description 
if the relation of the different portions of the striatal complex in varanus 
to one another, and also the relation of the neostriatum to the pallium. 
The finding of a new cortico-striatal connection inevitably leads to 
speculation on that much discussed problem in mammalian and human 
neurology. In addition to a brief account of experimental physiological 
findings, it has seemed to be of interest to give an account of certain 
diseases in man, showing a combined selective action on the neostriatum 
ind cortex which is very suggestive. 

Wilson [23] concludes from his degeneration experiments on 
Vacacus rhesus and sinicus that: “‘ no unequivocal proof of the passage 


f fibres, fine or medium, from either the putamen or globus pallidus to 
the internal capsule or crus has been obtained. The general direction 
f the two divisions of the ansa lenticularis is always oblique to that of 
the cortico-spinal fibres.’’ From laminal lesions this investigator could 
trace no degenerated fibres passing by the lamine from the corpus 
striatum to the cortex. He states that strio-cortical fibres are non- 
existent. His findings regarding cortico-striate fibres are the same. 
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Cajal [4] denies the presence of any cortico-striate or strio-cortical 
connections, as do many of the most reliable recent investigators. 

On the other hand, Marinesco [18] has reported that, as a result of 
partial or complete destruction of the frontal lobe in dogs and apes, he 
could trace fine degenerated bundles of fibres passing into the striatum. 
This condition he found most clearly demonstrated in the caudate 
nucleus (neostriatum). Minkowski [19] in a recent and very important 
monograph has demonstrated for the first time some pre-Rolandic fibres 
detaching themselves from the dorsal part of the lenticulo-caudate 
segment of the internal capsule and passing into the dorsal part of the 
head of the caudate nucleus. Here they pursue a dorso-median 
direction, meanwhile entering into contact with the cells of the caudate 
nucleus as they pursue a passage of some length. He also found them 
in the cat after the ablation of the motor or sigmoid cortex. The 
same author has also reported the presence of pre-Rolandic pallidal 
fibres in the macaque. He believes that these fibres terminate in the 
grey substance of the globus pallidus (paleostriatum) and contribute to 
the formation of little packets of fibres, so characteristic of the globus 
pallidus. He also quotes from the works of Dejerine, Long and 
Flechsig, who found these fibres in man, and Grundstein, who reports 
their presence in the dog. 

This is but a brief report of the investigations on this subject. 
Until the recent work of Minkowski, the evidence on the whole, based on 
the best physiological methods and technique, had failed to demonstrate 
conclusively any connection between the neostriatum and the cortex ; 
but the latter’s findings make us pause, particularly in view of the very 
striking clinico-pathological findings of which a brief summary appears 
below. 

In 1908 Jelgersma [12], reporting a case of Huntington’s chorea, 
found both cortical atrophy and atrophy of the head of the caudat 
nucleus. The caudate nucleus was reduced to one-third of its normal 
size and in it there was a very striking glial proliferation. Alzheime: 
[1] found marked changes in both the cortex and caudate nucleus, as 
well as a reduction in ganglion cells in the lenticular nucleus. Marie 
and l’Hermitte [17] reported four cases of Huntington's chorea; the 
cortex (especially the frontal and Rolandic regions), putamen and 
caudate nucleus were in all four cases profoundly affected. There was 
also a definite glial proliferation. The gangiion cells of the caudat: 
nucleus were reduced to from one-fourth to one-fifth of the norma! 
The globus pallidus, thalamus, red nucleus and corpus subthalamicum 
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were also affected, but in strikingly lighter degree than the cortex and 
neostriatum. These two latter structures clearly bore the brunt of the 
disease. In a case of Huntington’s chorea, recently examined by the 
writer at tne Salpétriére, the findings were similar to those of Marie 
ind I’Hermitte. The selectivity of the process for the frontal and 
Rolandic cortex and the neostriatum was unmistakable. 

Madame Vogt [22], in her monumental work on athétose double, 
n which each case was studied by serial sections, found the lesions 
limited to the caudate nucleus and the putamen, in which also appeared 
i widespread destruction of the ganglion cells (a dystrophy of the 
vanglion cells). The distinctive character of the lesion, however, was 
the thick network of medullated nerve fibres crossing the atrophic areas 
if the putamen and caudate nucleus. Madame Vogt suggests that this 
network of medullated nerve fibres is formed by the change of non- 
myelinated nerve fibres into medullated nerve-fibres. She feels that 
‘plaques fibro-myéliniques’’ found in the 


‘ 


these fibres represent the 
‘erebral cortex. 
L. Bouman AnD S. T. Bok: SENILE PLaQuEs IN CorTEX, CLAUSTRUM AND STRIATUM. 
—— 


Globus 


pallidus 








Some well develope d plaques o* 
Thickly distributed early plaques.. 
Many well developed plaques 
Many well developed plaques 
Many well developed plaques “ 
Many moderately developed plaques 
Definite early plaques e- 
+ Early plaques . 
A few early , Very fewearly, Many weil developed plaques 
plaques plaques 


Fic. 10.—The table reproduced here of Bouman and Bok’s ten cases shows the greatest 

umber of plaques in the cortex and claustrum in nine cases. In nine cases plaques were 

found in the putamen in varying degrees of development. varying from a few to large numbers. 

(he caudate nucleus was examined in eight cases, and showed changes identical with those 
1 the putamen. The globus pallidus in all cases contained no plaques. 


In a recent contribution by Bouman and Bok [2], which gives a 


lescription of the plaque distribution in ten cases of senile dementia, 
striking observations are recorded. The table of their findings is repro- 
duced here (fig. 10). It is seen that the cortex and claustrum were 
uffected approximately in a like manner. The stage of development of 
the plaques was identical in both, but the number in the claustrum was 
lightly less. In nine cases the putamen was involved, though less than 
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the cortex, and in most of these nine cases the plaques were in an 
earlier stage of development. In one case the putamen was unaffected. 
In Case 10 the putamen contained many well developed plaques. In 
this case, on the other hand, the cortex was but slightly involved. The 
caudate nucleus was examined in eight cases, and showed findings 
exactly corresponding to the putamen. In all ten cases the globus 
pallidus was unaffected. The authors conclude, entirely in accordance 
with our own views, that these findings are valuable evidence in 
support of the views of Kappers on the division of the striatum in man 
into a paleo- or old striatum, and a new or neostriatum. The findings 
in the claustrum show a consistent relation between the claustrum and 
the cortex, and not between the claustrum and the striatum. 

Of the three disease entities mentioned, two, the progressive chorea 
of Huntington and athétose double of the Vogts, are hereditary. The 
third, senile dementia, is degenerative. Huntington’s chorea shows a 
definite selective action on the cortex and neostriatum. Athétose 
double is associated with lesions in the neostriatum similar to the 
‘‘ plaques fibro-myéliniques,” seen not infrequently in the cortex. The 
third condition, senile dementia, limits its attack, as shown in recent 
studies, to the cortex, claustrum and neostriatum. 

Brouwer [3], developing the earlier suggestion of Edinger, has 
emphasized the very significant fact that various disease processes 
show a marked predilection for the newer structures in phylogeny. 
The relative to complete escape of the globus pallidus (paleostriatum) 
and the profound involvement of the neostriatum and cortex in the cases 
cited above, is in further support of this thesis. Certainly the best 
physiological opinion is divided as to the existence of constant connec- 
tions between the neostriatum and cortex, in mammals and man. The 
finding of fibre connections in an animal so low in the phylogenetic scale 
as a reptile should not alone serve to suggest homologous connections 
in man. Indeed this connection must be regarded as but a single event 
in a long and complex history. But when this event is combined with 
the findings of Minkowski in apes and the clinico-pathological reports 
cited above, one is constrained to believe that the subject is far from 
settled. 


SUMMARY OF ANATOMICAL FINDINGS. 
(1) The neostriatum in varanus, which is the homologue of the 


putamen and caudate nucleus in mammals, arises partly from thé 
pallium and partly from the base, just anterior to the paleostriatum. 
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(2) The neostriatum receives the great thalamo-striatal tract from 
the anterior and medial nuclei of the thalamus. It is hence in contact 
with the trigeminus; and so by its pallial relations functions as 
. relay in the new and extremely important touch and oral sense in 
reptiles. 

(3) In varanus a shallow fissure running fronto-caudally marks off 
the neostriatum at its dorso-mesial aspect into a lateral and mesial 
portion. A tract from the nucleus rotundus of the thalamus has been 
traced by Wallenberg in birds to the lateral region, and from the 
nucleus dorsalis of the thalamus to the mesial region. These tracts are 
ilso very clear in the crocodile. Though less distinct, they can be 
seen in varanus. These tracts do not reach the dorsal third of the 
neostriatum. 

(4) There are no tracts which indicate that the fissura longitudinalis 
s an early division between the putamen and caudate nucleus, as certain 
authors suggest. These two portions of the striatum are intrinsically 
yne and the same thing, both in structure and in function. 

(5) A fibre tract passes from the pyriform cortex and hooks under 
the anterior and lateral aspect of the ventricle. This tract passes into 
the neostriatum, and does not proceed further dorsally than the ventral 
ispect of the dorsal third. This tract spreads forward from the lateral 
ispect of the hemispheres to pass like a cap under the ventricle and so 
enter the dorsal, anterior and lateral portion of the neostriatum. It 
reveals an unmistakable connection in varanus beween the cortex and 
the neostriatum. This tract is called tentatively the tractus cortico- 
neostriaticus, since we cannot state whether it is cortico-striatal or 
striato-cortical. 

(6) A little mesial to the tractus cortico-neostriaticus, the striatal 
tissue lying between this tract and the ventricle is seen not only to 
merge with the pallium, but also to be of identical structure with it. 
That is to say, in varanus the most anterior and dorsal portion of the 
neostriatum is clearly shown to be part of the inbending pallium. This 
fusion takes place in the region of the rudiment of the primordium 
neopallii. 

(7) The afferent thalamic fibres to the neostriatum supply only its 
ventral two-thirds, while the fibres of the tractus cortico-neostriaticus 
are present only in the dorsal third of the neostriatum. The tractus 
‘ortico-neostriaticus marks off the neostriatum in the lateral and 
anterior aspect of the brain into a dorsal portion, into which no thalamic 
fibres enter, and a ventral portion which receives the thalamic tract. 
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(8) The archistriatum, which is homologous to the amygdala in 
mammals, is entirely pallial in origin, and is marked off from the 
neostriatum by the fissura neo-archistriatica. It lies posterior and 
lateral to the neostriatum, and receives the great mass of tertiary 
olfactory fibres, forming the tractus cortico-archistriaticus. Efferent 
fibres were also seen passing from the archistriatum in the fore-brain 
peduncle to the thalamus. The exact destination of these fibres could 
not be determined. 

(9) The paleostriatum is entirely basal in origin. It arises in the 
area just in front of the recessus preopticus, and lies directly ventral 
to the neostriatum and archistriatum. It is marked off from the 
neostriatum by the lamina medullaris externa, the lateral striate artery 
and the fissura paleo-neostriatica. The paleostriatum receives fibres 
from the tractus thalamo-striaticus. The efferent system of the paleo- 
striatum runs in the basal fore-brain bundle which first appears in 
fishes and links the paleostriatum, by way of the hypothalamus, with 
the mid-brain. This tract persists throughout the vertebrate series. 

In view of the connections observed in varanus, between the striatum 
and the pallium, a brief résumé is given of suggestive findings in certain 
diseases in man which have shown a selective action on the neostriatum 


and the cortex, as well as reports of various workers on investigations 
by degeneration experiments on cats, dogs and apes. 

The writer wishes to express his deep gratitude to Dr. C. U. Ariéns 
Kappers. It was only through his constant help and suggestions, as 
well as the generous furnishing of his beautiful material, that this study 


could be made. 
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THE NERVE-ENDINGS IN THE PANNICULUS CARNOSUS 
OF THE HEDGEHOG, WITH SPECIAL REFERENCE 
TO THE SYMPATHETIC INNERVATION OF STRIATED 
MUSCLE. 

BY HUGH SHAW DUNN GARVEN, B.SC., M.B., CH.B. 


(From the Institute of Physiology, University of Glasgow.) 


I.--INTRODUCTION. 
II.—REVIEW OF PREVIOUS HISTOLOGICAL INVESTIGATIONS. 


1. On the Structure of Muscle-fibres, with Special Reference to the Existenc: 
of Two Types of Striated Fibre. 
On the Constitution of the Muscular Nerves. 
On Motor, Sensory, and Accessory Nerve-endings in Striated Musck 
(Exclusive of Neuro-muscular Spindles). 
4. On Neuro-muscular Spindles. 


III.—Ortcinat Work. 
1. On the Panniculus Carnosus Muscle of the Hedgehog : 
(a) The Muscle-fibres. 
(6b) The Constitution of the Nerves supplying this Muscle. 
(c) The Motor and Accessory Nerve-endings. 
(d) The Neuro-muscular Spindles. 
Note on Nerve-endings in Striated Muscle of the Frog. 
Note on Nerve-endings in Striated Muscle of the Lizard. 
Note on Nerve-endings in Extrinsic Eye Muscles of the Rabbit. 
Note on Nerve-endings in Pectoral Muscles of Man. 
IV.— Discussion. 
V.-—CONCLUSIONS. 
VI.—DeEscrRIPTION OF FIGURES. 
VII. — REFERENCES. 
I.—INTRODUCTION. 

THE existence and function of the sympathetic innervation of 
striped muscle have been much discussed since Boeke’s discovery o! 
his accessory nerve fibres and endings. In his work on mammalia 
muscle, Boeke used the Bielschowsky silver method of staining nerve- 
fibres and neuro-fibrils, and demonstrated the presence of a medullated 
and a non-medullated (sympathetic) nerve supply to the individual 
muscle-fibres. This means a double innervation of the individua! 
muscle-fibres, in the sense that the two nerve-fibres are of entirel\ 
different origin. Upon this foundation has been built up the theor 
that the cross-striped apparatus of the fibre is innervated by th« 
somatic fibres, and is responsible for muscular movements and con 
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tractile tonus, using Langelaan’s distinctions, while the sarcoplasm of 
the fibre is innervated by the sympathetic and is responsible for 
plastic tonus. 

This conception has recently been modified by Hunter, on the basis 
of Kulchitsky’s histological work. Kulchitsky, using the gold chloride 
method of staining nerve-fibres and nerve-endings, has recently in 
reptilian muscle (python) described two types of nerve-endings which 
never occur on the same muscle-fibre. One of these is supplied by a 
medullated nerve-fibre and the other by a non-medullated nerve-fibre, 
but these two types he has never found on the same muscle-fibre. 
Hunter suggests that one type of muscle-fibre, innervated by somatic 
fibres, is responsible for muscular movements and contractile tonus, 
while the other type of muscle-fibre, innervated by the sympathetic, 
is responsible for plastic tonus. This means a double innervation of 
every muscle as a whole, but not of each individual muscle-fibre. 

A third complication has arisen in the use of the term “double 
innervation,” for while the traditional view has been that each 
muscle-fibre receives one medullated nerve-fibre, Agduhr, in recent 
investigations on limb muscles, has shown that each muscle-fibre is 
segmentally innervated. This means that the individual muscle-fibres 
of a muscle innervated from more than one spinal root has an end- 
plate from each root—that is, a double innervation in the sense that 
the individual muscle-fibre is supplied by two or more somatic fibres. 

This short summary of the present position with its evident contra- 
dictions emphasizes the need for further detailed histological research 
on the neuro-muscular junction. 

I regret that on the basis of my original observations I have to 
disagree with two of these observers, Professors Kulchitsky and 
Hunter, who have so suddenly been cut off in their scientific careers, 
and whose loss will be deeply felt in the solution of these problems. 

At the outset this work was undertaken to attempt to confirm the 
presence of Boeke’s accessory fibres and end-nets by the classical gold 
chloride method. Since the publication of Hunter’s work various 
other questions have arisen in conjunction with this primary aim, and 
these will also be dealt with. 

The first question which presents itself is the choice of a muscle 
for histological investigation. Mammalian muscle is preferable to 
reptilian or amphibian muscle, as the application of the findings must 
be made more especially to the function of mammalian muscle. In 
view of the fact that the sympathetic innervation is supposed by sonie 
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to be a tonic function, a muscle showing marked tonus, especially 
plastic tonus, is also preferable. For these reasons the panniculus 
carnosus muscle of the hedgehog—a sheet of striped muscle which 
lies just under the skin over its whole dorsal surface and curls the 
animal into a ball—was chosen. Pembrey (1903) [45] has shown 
that this muscle is in tonic contraction during the whole period of 
hibernation, and it is maintained, I presume, in its shortened con- 
dition by plastic tonus. 

Some reference will also be made to some investigations on frog, 
lizard, rabbit and human muscle, which show several conditions of 
innervation which are of interest in relation to the main thesis. 

I propose to review some of the previous literature on this subject 
under the following four headings :— 

(1) On the structure of the muscle-fibres, with special reference to 
the general existence throughout vertebrates of two types of striped 
muscle-fibre. 

(2) On the constitution of the motor nerves to muscle, with special 
reference to the size of the nerve-fibres and the existence of non-medul- 
lated fibres in the nerve before it enters the muscle. 

(3) On the motor, sensory and accessory nerve-endings in muscles, 
with special reference to the existence of the accessory system. In 
reviewing this work I do not propose to cover the whole field of older 
investigations; it is sufficient to note that the great majority of these 
workers using the gold chloride method made no mention of this system 
of fine non-medullated fibres. However, in relation to the present 
investigations, those papers, in which some mention is made of non- 
myelinated fibres found associated with muscle-fibres, are important, 
and will be dealt with in more detail. The later work where these 
accessory fibres, or fibres like them, are described will also be dealt with 
in detail. 

(4) On the special sensory organs in muscles—the neuro-muscular 
spindles. 


II.—-REVIEW OF PREVIOUS HISTOLOGICAL INVESTIGATIONS. 


- (1) On the Structure of Muscle-fibres, with Special Reference to the 
General Existence throughout Vertebrates of Two Types of Striped 
Muscle-jibres. 

The existence of two types of striped muscle-fibres in the frog has 
been long known. An examination of fresh frog muscle in saline shows 
clearly that all the muscles of the frog are composed of clear, bright, 
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broad fibres with very well-marked cross striation and poorly marked 
longitudinal striation, and of dull granular thin fibres with poorly 
marked cross striation and well marked longitudinal striation. 

Ranvier (1817) [49] first drew attention to the marked difference in 
the muscles of the rabbit, the red muscles and the white muscles. 
Similar differences are found in the muscles of birds. 

Schafer (1912) [54] noted that in other animals the distinction is 
not found as regards whole muscles, although it may affect individual 
tibres of amuscle. He quoted Klein as showing that some fibres of the 
liaphragm in distinction to others have a very large number of nuclei 
ind these are embedded in protoplasm. 

Griitzner (1884) [29] in his paper on the two types of muscle-fibres, 
held that the thin granular fibres found in frog’s muscle are analogous 
to the red fibres of the rabbit muscle, and that the broad clear fibres 
f frog’s muscles are represented in rabbit muscle by the white fibres. 
He also contended that all mammalian muscles are composed of the 
two types of individual fibres, red and white, as the individual frog 
muscles are composed of thin granular fibres and broad clear fibres, 
the only difference being that in the mammalian muscles there are 
larger amounts of hemoglobin. 

The facts that in mammalian muscle there is very little difference 
in size in the individual fibres, that such a method as drying is 
necessary to show a difference in the dulness or brightness of the fibres, 
that the results with this method do not differentiate the two types of 
fibres into very clear groups and that no difference can be found with 
wrdinary methods, seem to force one to the conclusion that the two 
‘learly differentiated types of fibres, which appear in the frog, do not 
xist in this type of muscle. All that can be said definitely is that 
there may be fibres which contain slightly more sarcoplasm than their 
fellows. 

Griitzner did not formulate a general law of the function of the two 
types of fibres, but suggested that the red fibres are related to tonic 
contraction, and the white fibres to rapid contraction. Since he held 
that every muscle had varying proportions of white and red fibres, and 
that no muscle was completely red or white, he found it very difficult 
to prove definitely that the muscles having a larger proportion of red 
fibres showed a longer or more tonic type of contraction, or vice versa. 

It is important to note that in Griitzner’s paper no mention is made 
{ the muscle-fibres in the neuro-muscular spindles. These spindle 
muscle-fibres in mammalian muscle, at first considered to be groups of 
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embryonic fibres but now known to be fully developed fibres performing 
probably a proprioceptive function, show a marked difference from the 
mass of fibres in the muscle. They are thin granular fibres with well- 
marked longitudinal striation, and are enclosed in a laminated con- 
nective tissue sheath. In my opinion they correspond to the thin 
granular fibres of the frog muscle, some of which have nerve-endings 
upon them showing that they are rudimentary neuromuscular spindles, 
and they only differ from the Weissman fibres in mammalian muscle in 
that they are not collected in the complex neuromuscular organ, but are 
distributed throughout the body of the muscle between the broad, clear 
fibres and are not walled off by a laminated sheath. 

Cilimbaris (1910) [20], in a paper on the muscle-spindles of the eye 
muscles, stated that in them he found great variations in the ordinary 
muscle-fibres such as, he remarked, one could scarcely ever find in any 
other part of the mammalian striated musculature. Some fibres 
appeared clear, were poor in sarcoplasm and had few nuclei, while 
others appeared dark, were rich in sarcoplasm and had many nuclei. 
He noted quite definitely that all intermediate stages between these two 
types could be seen. 

Ffrangcon Roberts (1916) [51] recorded some observations on the 
degeneration of muscle after nerve injury, especially of the red and white 
muscles of the rabbit. He stated: ‘‘In striped muscle, fibres of two 
kinds are found, the white and the red. . . . In man each individual 
muscle is composed of a mixture of both kinds of fibres, while in some 
animals, notably the rabbit, different muscles are composed of one kind 
or the other, the gastrocnemius for instance being purely white, and 
the soleus purely red.” The red fibres, he said, had more sarcoplasn 
than the white fibres and responded with a sluggish contraction after a 
long latent period, while the white fibres responded briskly. He quoted 
no authority for his statement regarding human muscle, nor did he 
advance any proof of it in his own observations. 

Kahn (1924) [34] at the outset of his research on the chemical 
constitution of the clasping muscles of the frog at different seasons, 
made some histological observations which are of great interest fron 
the point of view of the two types of muscle-fibre. In Rana fusca he 
found that the M. flexor carpi radialis was composed in the autumn and 
early spring of many large bright cross-striped fibres, and only a few 
thin sarcoplasm-rich fibres with poorly marked cross striation. Thes 
differences he found on cross-section to be shown very obviously afte: 
fixing in formol alcohol and staining with picro-fuchsin and hematoxylin 
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In the breeding season the same muscle was examined. On cross- 
section the muscle appeared on first examination to show a larger 
number of fibres per unit area, that is, that the individual fibres were 
smaller in area. In the fresh preparation the preponderating number 
of fibres were definitely shown to be clear, large fibres as in the autumnal 
muscle, and a close examination of the cross-section showed that the 
number of small granular fibres was not increased. The appearance 
of a larger number of fibres per unit area was due to the fact that in 
the breeding season a number of fibrous filaments passing in from the 
sarcolemma of the large clear fibre to the central parts of the fibre gave 
the impression of incomplete longitudinal division of the large fibres. 
In the autumnal muscles the Cohnheim’s areas were not well marked, 
but in the breeding season they were very well marked off, and in some 
cases the division between the groups of Cohnheim areas appeared to 
have the extensions of the sarcolemma mentioned above, passing in to 
the middle of the fibres. 

These appearances Kahn thought were obviously dependent on the 
fact that in the breeding season there was a larger content of sarco- 
plasm in the large clear fibres, compared with these fibres in the 
autumn, for the sarcoplasm made the Cohnheim areas more obvious 
and the cross-section of the sarcostyle more distinct. And, most 
important from our point of view, he definitely stated that the richness 
of sarcoplasm was by no means so large in the breeding season that 
these fibres could be mistaken for the small granular fibres. The 
increased tonic activity of the muscle was therefore maintained by a 
change in the large clear fibres themselves and not by an increase in 
the number of small granular fibres. 

Hunter (1925) [33] after reviewing the work of Ranvier and 
Griitzner, said that it remains to be decided whether or not all striated 
muscle is composed of two types of muscle-fibre. To support his 
hypothesis that these two types of fibres are innervated from different 
sources and fulfil different functions, he brought forward first of all 
evidence that the two types of muscle-fibres do exist in the leg muscles 
of the goat and the wing muscles of the domestic fowl. In referring to 
this work he did not make mention of Griitzner’s observations that 
clearing agents destroy any possibility of making the differentiation, and 
in both the investigations on goats and birds Hunter relied mainly on 
the size of the fibres, which Griitzner had already shown not to be a 
feature of the differentiation in mammalian and avian muscle. 

Hunter and Royle [33] did not state whether any variation in the 
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size of different muscle-fibres was seen in the normal muscle of goats, 
but relied upon degeneration experiments to bring out the difference. 
They removed the lumbar sympathetic chain from one side, and after 
six months examined the muscle in cross-section. They found a large 
number of small fibres in contrast to fibres of normal size. These they 
stated were too numerous to be the conical ends of fibres of normal 
size. The endomysium between the individual fibres was increased. 
This experiment, in my opinion, in no way proves the existence of the 
two types of fibre in the normal muscle. 

In the bird they stated definitely that remarkably little variation in 
the size of the individual fibres in the normal muscle was found, and 
presumably no other difference was observed, else it would have been 
mentioned. In his degeneration experiments the last three cervical 
roots, anterior and posterior, were cut without injury to the rami com- 
municantes, and the flexors of the forearm examined in cross-section 
after seventy days. On section many fibres in groups were found to be 
of normal size or larger; other fibres, also in groups, showed a 33 per 
cent. decrease in size, while other groups were found with both normal 
and shrunken fibres. The connective tissue was increased in amount. 
They stated that Willard and Grau had found a progressive decrease 
in size, up to 68 per cent., on nerve-section. The inference therefore 
seems to be that the degeneration was not complete and may have 
affected some fibres more quickly than others. It is also worthy of 
note that the somatic denervation of the limb was not complete, and if 
Agduhr’s contention is correct that muscle-fibres are themselves 
innervated plurisegmentally, then some of the fibres may still have had 
some part of their somatic innervation. If, however, the somatic 
denervation and degeneration were complete in those fibres showing a 
decrease in size, then in them degeneration was not so complete as 
when motor nerve-section (motor and sympathetic fibres) was per- 
formed. The intact sympathetic innervation may be held to be the 
cause of this less complete degeneration. 

Hunter’s conclusions, from his degeneration experiments, that 
somatic or sympathetic denervation affects some fibres and not others, 
and that therefore there are two types of muscle fibres mixed in 
mammalian or avian muscles, seems to me to require much better 
evidence than is afforded by these experiments. 

It seems reasonable to suppose that if the two types of muscle-fibre 
exist together in the mass of mammalian or avian muscle, then the 
differentiation into the two types should be demonstrable in normal 
muscle, and this Hunter and Royle have not been able to show. 
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Bottazzi (1923) [15] said that in dogs after section of the roots of 
the phrenic, leaving the sympathetic fibres intact, if sufficient time had 
elapsed the diaphragm was almost completely degenerated on the side 
of section. He made no mention of histological investigation, but 
presumably no irregularity in the degeneration was noted. 


(2) On the Constitution of Motor Nerves to Muscle. 


One of the great difficulties that presents itself in reviewing 
much of the earlier work on the innervation of striped muscle lies 
in the fact that so very often when non-medullated fibres are figured or 
described they can only be followed and are described for very 
short distances, just proximal to their end-plates or terminations. The 
question at once arises: are those non-medullated fibres simply branches 
of the medullated fibres proximal to this point. or are they non- 
medullated throughout their whole course, and if so, are they to be 


found in the motor nerve before it enters the muscle ? 
Sherrington (1894) [55] made a very extensive study of the 
constitution of the muscular nerves and the function of the different 


fibres contained in these nerves. Some of his conclusions are of 
interest. One-third or one-half of the nerve-fibres in a nerve to a 
muscle are sensory, and the smallest of the myelinated fibres are 
for the most part, if not entirely, also sensory. These nerves contain 
no myelinated fibres of sympathetic origin, but do contain a number of 
non-myelinated fibres of sympathetic origin. Some of these non- 
myelinated fibres are of larger diameter than the small myelinated 
fibres. 

Ranson (1911) [48] has shown with the silver impregnation 
method that the spinal nerves and posterior roots contain a ver, 
large number of deeply stained fibres which are non-myelinated, 
arise in part from the small ganglion cells of the spinal ganglion, 
and are afferent in function since they are too numerous to be 
entirely sympathetic. 

Langley (1922) [40], in his paper on the constitution of nerve- 
roots, muscular nerves and cutaneous nerves, found with the osmic 
vcid method very few non-medullated fibres in the nerve-roots and 
suggested that Ranson’s fibres were really fine medullated fibres. In 
comparing muscular and cutaneous nerves, a point which is of 
special interest regarding the sympathetic innervation of striated muscle, 
Langley found that the nerves to skeletal muscle contain very few 
non-medullated fibres, whereas the cutaneous nerves show many 
non-medullated fibres. He even went so far as to say that his results 
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were not in favour of any considerable connection of non-medullated 
nerve-fibres with striped muscle-fibres. He also brought out the 
point that a large factor in determining the size of the nerve-fibre is 
the nature of the tissue with which it was connected. 

Sherrington (1894) [55] had already shown that most of the 
larger medullated fibres in a muscular nerve are sensory in function, 
ending in the neuro-muscular spindles. 

It is only necessary to note at this point that it is very doubtful 
whether the osmic acid method would enable such thin nerve-fibrils as 
those described by Perroncito (1902) [47], to show sufficient contrast to 
the connective tissue as would enable one to distinguish and enumerate 


them. 


(3) On the Motor, Sensory and Accessory Nerve-endings in Striped 
Muscle, exclusive of the Neuwro-muscular Spindle-endings. 


In all previous work the gold chloride method had been chiefly 
used. Boeke (1909) [7] first used the silver impregnation method of 
Bielschowsky in his work on the development, form and connection 
with the muscle-fibre of the motor end-plate. His work, therefore, is 
unlike the older work in that his material was sectioned, not teased, and 
then examined. 

The appearance of the motor end-plate of the reptilian muscle and 
mammalian muscle which he examined was strikingly different from 
the appearance with the gold chloride or methylene blue method. The 
myelinated nerve, proximal to its termination, showed the axon cylinder 
as a collection of neuro-fibrils closely packed together and passing into 
the end-plate without the characteristic narrowing seen in the gold 
chloride preparations. The form of the end ramifications is also very 
different. Instead of the very fine branches ending in deeply-stained 
knob- or button-like structures, he found a very complicated network 
of neuro-fibrils, with a great deal of anastomosis between the fibrils, 
and some of the neuro-fibrils passed out from the network to form 
simple end-loops and more complicated end-nets with anastomosing 
fibrils filling up the enclosed loops. The nuclei of the granular sole- 
plate were very clearly shown. In his sli des showing profile or transverse 
cross-sections, he clearly demonstrated the hypolemma! position of the 
plates. This method has, therefore, the great advantage that the 
structure of the plate is not obscured, as it is in the gold chloride 
method, with very darkly-stained knob-like structures, and the exact 
position of the termination of any fine non-myelinated fibre accompany- 
ing a myelinated fibre can be clearly visible. 
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In this paper also Boeke described his periterminal network. In 
this short survey I shall use the account he gave in a lecture in London 
University (1921) [11]. Here he stated that he thought the neuro- 
fibrils the actual conductors of nerve impulses, but that up to the 
present they could not be traced in the end-plates further than the 
granular sarcoplasm of the sole-plate. In amphioxus he showed what 
appeared to be direct connection of the neuro-fibrils with the aniso- 
tropous discs of the sarcostyles. In other vertebrates he described in 
well-stained Bielschowsky preparations a fine reticulum in the sarco- 
plasm, joining up with the neuro-fibrillar network. This he called the 
periterminal network, and thought it to be the anatomical basis of 
Langley’s receptive substance. This periterminal protoplasmic network 
seemed to pass to the anisotropous discs of the sarcostyles. 

The periterminal network he also found in connection with his 
accessory end-plates now to be described. 

In April, 1909, Boeke [6] first described his system of accessory 
non-myelinated fibres in striped muscle. In October, 1909 [7], he 
elaborated his statements about them. After reviewing the work of 
Perroncito, Huber and De Witt, Ruffini, Crevatin, Grabower and 
Gemelli, he concluded that the existence of accessory non-myelinated 
fibres passing into motor end-plates could not be substantiated from 
their investigations. 

In the muscle of the developing talpa, haman embryo, young mouse 
and adult lizard, he found very fine non-myelinated fibres, passing either 
with the myelinated fibre, or by some other course into the end-plate 
and there forming little end-rings or end-nets. These fibres he never 
found to have any connections with the branches of the myelinated 
fibres, either inside the plate or outside the plate. In some cases the 
accessory end net or ring was completely separate from the motor end- 
plate on a granular sole of its own. ‘Transitional stages between this 
separate accessory ending and the well-known motor ending he never 
found. That they were hypolemmal he definitely demonstrated, and 
considered them of motor function. Here he first suggested the sym- 
pathetic origin of these fibres, and a trophic or tonic function of them. 
He left it an open question whether they were identical with the 
Perroncito-Gemelli fibres or not. 

In 1910 Boeke [8] in a short note referred to the work of Botezat 
on avian muscle, but was not convinced of the independence of the fibres 
described by this worker. Boeke found his accessory fibres and end- 
plates in the pectoral muscles of the starling (Sturnus). It is most 
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interesting, in view of Hunter’s hypothesis of the two types of muscle 
fibre, that Boeke’s figures of the pectoral muscles of the bird show 
definitely the accessory ending on the same muscle-fibre as the motor 
plate, as he had demonstrated elsewhere. The hypolemmal position of 
these accessory endings, Boeke maintained, made it quite easy to dis- 
tinguish them from the “ atypical motor endings”’ of Retzius, which 
Huber showed to be epilemmal and regarded them as sensory. 

Boeke [9], again in 1913, reviewed the question of the identity of 
the Perroncito-Gemelli fibres with his accessory fibres. He had been 
unable with the gold chloride and methylene-blue methods in lizard 
muscle to demonstrate any connection between the fine fibre accom- 
panying the medullated fibre and the end-ramifications of the large 
fibre. With the Bielschowsky method he had never seen a connection 
of this sort. He gave then a number of points in which his accessory 
fibres differed from the Perroncito-Gemelli fibres. This is of special 
interest in relation to confirmation of Boeke’s results with the gold 
chloride method which I have attempted. 

(1) The accessory fibres are single in the majority of cases, while 
Perroncito figures many instances where there are two or more. 

2) The accessory fibres do not run inside but outside the sheath of 
Henle, and often enter the plate from a different direction from the 
medullated fibre. 

(3) The accessory fibres never have connections with the end- 
ramifications of medullated fibres in the motor-plate, but end in quite 
independent end rings and nets; this is true for all his specimens of 
both young and adult muscle. 

(4) While the form of the Rouget plate varies considerably, both in 
individual muscles and animals, the end net or ring of the accessory 
fibres remains remarkably constant in form. This form he states is 


very like the endings in smooth muscle cells. 

(5) The endings of accessory fibres are found, unlike the Perroncito- 
Gemelli fibres, in separate sole-plates of their own, quite removed from 
the Rouget plates. ‘These are not the ultraterminal fibres (branches ot! 
medullated fibres), although Boeke also occasionally saw this type of 


fibre. 

(6) The independence of the accessory system is conclusively proved 
by degeneration methods after section of the somatic fibres. In the ey« 
muscles after section of the nerve close to the brain-stem only th 
remains of myelinated fibres were found, but the accessory fibres were 
intact. So far as Boeke was aware this had never been attempted for 
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the Perroncito-Gemelli fibres. From this result, Boeke claims that 
his thin fibres may be of sympathetic or autonomic origin. 

In a further account of degeneration results Boeke (1916-17) [10] 
lescribed experiments on the eye muscles which have given rise to a 
rreat deal of criticism. The third nerve was cut close to the brain- 
stem, and three to five days allowed for the myelinated fibres to 
legenerate. By Bielschowsky’s method the accessory fibres and their 
nd-plates in the eye muscles were not found to have degenerated but 
were normal in appearance. Again after three weeks the muscles were 
xamined. DBoeke found that a great many of the accessory fibres and 
ndings had now disappeared. This last finding is the one subjected to 
riticism. Boeke’s conclusion from his experiments was that these 
thin fibres which degenerated after three weeks were cranial autonomic, 
ind those which did not degenerate were sympathetic fibres entering 
the muscle by way of the carotid artery. In converse experiments, 
ifter removal of the superior cervical ganglion, Boeke thought that the 
1umber of accessory fibres was less than normal. 

With Dusser de Barenne, Boeke [12] in 1919 described experiments 
n the cat, where the sixth, seventh, eighth and ninth anterior and 
posterior spinal roots were cut inside the dura and the muscle of the 
seventh intercostal space examined one month later. The staining gave 
excellent results. No trace of the degenerated neuro-fibrils of the 
myelinated fibres could be seen; but fine non-myelinated fibres were 
found quite intact, with end nets and rings, occurring either at the end 
f the fibres or on fine side branches. In some cases the ending was 
more complex, with a number of end-nets close to one another, but this 
was always much more delicately built than the Rouget end-plate. 
Granular sole-plates and collections of nuclei suggested their hypo- 
emmal position. These results were exactly similar to Boeke’s eye 
experiments. 

They state that while after three to four days all medullated motor 
terminations have disappeared, it is possible to find seemingly intact 
10n-myelinated fibres in the cut nerves up to fourteen days. But after a 
nonth all myelinated and non-myelinated fibres in the cut nerve have 
lisappeared, so they conclude that the non-myelinated fibres found 
ntact after a month have a different origin—namely, sympathetic. 

Botezat (1910) [17] stated that in 1906 [16], working on the 
nuscles of birds and using the Golgi method, he found thin non- 
myelinated fibres passing with the myelinated fibres to have endings on 
the muscle-fibre. These he thought were hypolemmal and often occurred 
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in connection with the motor-plate, showing clearly that they were 
found on the same muscle-fibre. From his figures it is not definitely 
clear whether he was dealing with a separate set of fibres, or in some 
cases with collateral fibres, merely branches of the medullated fibres. 

Agduhr (1918) [3] cut all the spinal roots forming the cervical 
plexus in the cat proximal to the rami communicantes, and found after 
periods of five to ten days in the interossei muscles remains of medullated 
fibres or their sheaths, and a jarge number of intact non-myelinated 
fibres. These he therefore believed to be sympathetic and post-ganglionic 
These fibres ended in small simple end-loops in many cases, and were 
found on the muscle-fibres in the region of the myelinated plates, or, 
more commonly, distant from these, and also on the muscle-fibres of 
neuro-muscular spindles. The majority of the sympathetic endings he 
thought hypolemmal, though some he thought were epilemmal. Among 
the sympathetic plates he found examples which occurred away from 
the site of Rouget plates and which had a large extension on the muscle- 
fibre, composed of branches ending in end-loops, more like the motor- 
plates, but distinguishable from them by their delicacy. He shows an 
example of a single muscle-fibre having a degenerated Rouget plate and 
an intact sympathetic plate. 

Agduhr (1919) [4] described a histo-experimental study which he 
made in an attempt to confirm several interesting suggestions that arose 
from a previous experimental study. In this earlier work he found that 
if maximal stimulations are given to two spinal nerve-roots supplying a 
single muscle, and measurement made of the force of contraction, this 
force is always less than the sum of the contraction forces when th: 
roots are stimulated separately. This immediately suggested to him an 
overlapping in the muscle of the two spinal innervations, and pointed t 
the same muscle-fibre being pluri-segmentally innervated. 

He chose such a muscle in the cat or rabbit as the M. flexor digitorum 
sublimis, which is innervated mainly from the eighth cervical and first 
thoracic spinal roots, and slightly also from the seventh cervical. Tw 
of the roots were then cut at different times and allowed to degenerat 
while one was left intact. In this way he found the appropriate lengths 
of time necessary for degeneration, so that the fibres from the different 
roots showed either a marked degeneration, a definitely less-marke 
degeneration, or were normal. In this way he found a number « 
muscle-fibres to have two end-plates, one in either stage of degeneratio. 
and one normal. Thus 'the M. flexor digitorum sublimis contains 
large number of individual muscle-fibres having end-plates derived fro! 
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e eighth cervical and first thoracic roots, and a few muscle-fibres 
having end-plates from the seventh and eighth cervical roots. In some 
ses he found a single muscle-fibre with three end-plates respectively 
om the seventh and eighth cervical and first thoracic roots. 
In this way he seems to prove conclusively that for the limb muscles 
least the time-honoured view of one motor end-plate on each muscle- 
fibre does not hold good, but that a very large number of the muscle-fibres 
ve individually pluri-segmentally innervated. Only one argument, it 
ems to me, can be brought against his experiments, and that is that 
e proof would have been more conclusive if the anterior roots alone had 
en cut, so that possible sensory terminations on the ordinary muscle 
res would have been left intact. He however seems to show a 
polemmal position for all his plates by an accumulation of sarcoplasm 
and nuclei at the site of the degenerating plate. It is of interest that 
shows no muscle-fibres with two'plates in the same stage of degenera- 
mn, or two normal plates. He thought the flexor muscles contained 
more pluri-segmentally innervated fibres than the extensors, but could 
not be definite on this point. 
Kulchitsky (1924) [35], using Ranvier’s gold chloride method, 
carried out an investigation of the nerve-endings in the muscles of the 


snake (python). He described two types of terminations: type I, the 
usual Rouget end-plate formed from a myelinated nerve, and type II, 
terminaisons-en-grappes ”’ of the older 


“ce 


in elongated simpler form, the 
workers, formed from a non-myelinated nerve-fibre. These two systems 
Kulchitsky maintained were entirely separate. 

Endings of type I were compactly built and were typical Rouget 
plates with a well-marked granular sole-plate and hypolemmal position- 
The entering fibres he described as always myelinated. He could find 
no other system of fibres in or near the end-plates of this type, such 
as Perroncito described, and thought that in snakes it did not exist. 
The ultra-terminal fibre of Ruffini and Perroncito he regarded from 
his material as simply a collateral branch of the myelinated fibre which 
forms a small plate near the Rouget, and more rarely on a neighbour- 
ing fibre. It is unfortunate that in his fig. 9 he called one of these 
collateral plates an “accessory” motor-plate, using the term in an 
entirely different sense from Boeke. On this question of the ultra- 
terminal fibre, he wrote, doubtless with reliable information, “ It is 
interesting that the authors (Perroncito, Boeke) who formerly con- 
firmed the existence of ultra-terminal fibres as normal, at the present 
time consider them as only rare exceptions.” 
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The endings of type II were usually elongated and were constant! 
formed from non-myelinated fibres. Tschiriew, in his original pap: 
on these “ terminaisons-en-grappes,’’ and others had described inte: 
mediate forms between these and the Rouget plates, but Kulchitsk 
definitely stated that he never saw any of these transitional forms. | 
is perhaps unfortunate, in view of the older idea that these “en 
grappes”’ endings were developmental forms, that Kulchitsky did not 


state whether his material was adult or not. I have had the pleasu 


of examining some of his specimens, and they do very forcibly sugges 


an entirely different origin for the two types, I and II. The positic 
of type II, hypolemmal or epilemmal, was, he stated, as yet doubtful 
but thought it probably epilemmal. He, in spite of this fact, maintained 
that they were motor-endings. 

The thin non-myelinated fibres never showed any sign of being 
branches of the medullated fibres, but formed a plexus in the endomysiun 
where they ended in free terminations, and in the muscle where the) 
formed the endings of type II. In connection with this system, h 
found a number of small unipolar ganglion cells, with short single pri 
cesses both branches of which appeared to be non-myelinated. In on 
case, fig. 12, he showed a ganglion cell actually in relation to an ending 
of. type II. The great differences from the myelinated fibres mad 
Kulchitsky suggest that this second system, with its “ en-grappes’ 
endings, is of sympathetic nature. 

In relation to Boeke’s work, it is of great interest that Kulchitsky 
stated very definitely that the two types of nerve-ending never wer 
found on the same muscle-fibre. He, however, made no statement 
concerning the existence of two types of muscular fibre, as did Hunte: 
From his figs. 7 and 8 it would appear as though the endings 
type II are found on muscle-fibres whose diameter is smaller tha: 
those having endings of type 1. On this fact Kulchitsky makes n 
comment, and his fig. 9 does not show this difference so markedly. 

In a later paper Kulchitsky (1924) [36] made observations on t! 
nerve-endings of the frog, using the methylene blue method in co! 
junction with the gold chloride method. He described three types « 
nerve-fibre: (a) myelinated fibres which often lost their myelin sheat! 
before termination; (>) non-myelinated fibres; some of these we 
branches from myelinated fibres usually at nodes of Ranvier, wh 
others were distinctly non-myelinated for a long course, form 
plexuses and were, according to Kulchitsky, of cerebro-spinal orig 
also; (c) non-myelinated nerve-fibres of the sympathetic system. ‘Th 
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st group of fibres and their endings are not dealt with in this paper, 
ut were to be communicated in a subsequent paper. 

The motor terminations he held to be hypolemmal and the sensory 
pilemmal. He described a thin plasmatic layer enclosing the axons 
ntering the muscle and suggested that it was analogous to the granular 
l2 of the lizards, birdsand mammals. Again he insisted emphatically 
1at each muscle-fibre received only one motor-ending. The “ atypical 
ndings ” of Retzius he stated were sensory in nature, as Huber [31 | 
rst maintained. The non-myelinated fibres as well as the myelinated 
rmed the sensory endings of the terminal threads with leaf-like 
‘pansions. These endings were sometimes quite simple, two or three 
<pansions, or sometimes much more complicated, suggesting an end- 
ate. Several of these sensory endings could be found on one muscle- 

fibre as others had described. He thought it possible that the sensory 
rminal threads also had a plasmatic layer. Some of the non-myelinated 
fibres he found to end in the connective tissue of the muscle. 

In view of Hunter’s theory it is unfortunate that Kulchitsky made 
) reference to the thin granular muscle-fibres which do undoubtedly 
ist in the frog, nor to the nerve terminations which could be found on 
ese thin muscle-fibres. 

A note of comment must be made on the different views which 

\ulchitsky expresses in his two papers. In one he maintains the 

jilemmal situation to be characteristic of sensory endings, but in the 
other he maintains his type II to be motor. Again a number of his 
non-myelinated fibres in the frog are not seen over a long distance to 
have connections with the myelinated fibres and are classed as cerebro- 
spinal sensory fibres, while in the snake the non-myelinated system, 


so ending in epilemmal endings, is classed as motor sympathetic 


res. 

Dart (1924) [21], in a paper on the double innervation of striped 
muscle based in part on the examination of Kulchitsky’s specimens, 
made a number of statements which cannot be borne out by 
Kulchitsky’s own description. He stated that one muscle-fibre received 
several endings of different types, and that the so-called non-myelinated 
fibres could be divided into two categories: (1) absolutely non- 
myelinated, ending in “ terminaisons-en-grappes,” which he considered 
sympathetic sensory; and (2) finely myelinated fibres ending in small 
plates like myelinated plates but without any granular substance, which 
he considered sympathetic-motor. These observations, completely at 
variance with Kulchitsky’s, make it difficult to lay any weight on them, 
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and while his scheme of the various connections of the sympatheti 
fibres is interesting, too many points in it yet need confirmation t 
warrant its acceptance. 

Kuntz and Korper (1924) [37] made an attempt to confirm some « 
Boeke’s degeneration experiments. In their control material they wer 
successful in finding Boeke’s accessory fibres and end-nets with th 
pyridine silver method and, for the first time, with the gold chlorid 
method. ‘They do not give details of the gold chloride specimens as t 
how far they were like those of the silver method. Four weeks afte: 
section of the seventh, eighth and ninth thoracic nerves proximal to the 
rami communicantes they examined the eighth intercostal muscle i: 
dogs and found degenerated myelinated fibres, but Boeke’s accessor) 
fibres and end-nets intact. In another dog the mandibular nerve wa 
cut intracranially and the masseter and pterygoid muscles examined 
where the same results were found. Boeke’s results were therefor: 
confirmed for the first time by the gold chloride method. While n 
specific mention is made of the fact that the accessory endings were 
found on the same fibre, such may, I think, be presumed, as such a 
wide difference as the two types of endings being on different muscle- 
fibres would have been mentioned, if such had been the case. 

Hunter (1924) [33] stated at the beginning of his review of th: 
histological work on sympathetic endings in muscle, that Griitzner’s 
theory must be substantiated by some muscle-fibres having a medullated 
nerve supply and other fibres only a non-medullated. He accepted 
Kulchitsky’s view that medullated and non-medullated fibres never ended 
on the same muscle-fibre, and also that the non-myelinated fibres 
ending in the “ terminaisons-en-grappes”’ were of sympathetic origin 
This was an entirely new view of their origin, and it seems to me in 
view of Hunter’s widespread application of this work, that two points 
must be kept in mind; firstly, that this work was done on snake muscle 
and not on mammalian, and secondly, that no degeneration experiments 
were made to prove the sympathetic nature of the fibres. Hunte: 
quoted Tschiriew and Perroncito in support of the “ terminaisons-en 
grappes ” being on different muscle-fibres from the Rouget plates ; they, 
however, did not look upon them as being sympathetic endings. 

Of Boeke’s work Hunter gave a very severe criticism. The fa 
however remains, that Boeke attempted and proved to his satisfacti 
by degeneration methods that his system of fibres was of sympathet 
origin, while no degeneration experiments have yet been published 
proof of Hunter’s contention. Hunter cited Boeke’s experimen: 
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‘utting one of the nerves to the extrinsic muscles of the eye close to the 
brain-stem and examining the muscle after periods of three to five days 
ind three weeks. The difference in the number of accessory fibres found 
—large numbers after three to four days, and relatively few after three 
weeks—Boeke explained by saying that after the short period both 
sympathetic and cranial autonomic fibres were present, and that after 
three weeks only the sympathetic fibres were present. This 1s open to 
‘riticism, as where could the autonomic fibres have been cut off from 
their ganglion cells by his operation? Wilson (1921) [58] suggested 
hat after a short period (three to five days) of degeneration some of the 
thin fibres were really the myelinated fibres which had slowly degener- 
ated and lost their myelin. This objection must carry a certain amount 
ff weight. The whole question of the eye muscles is complicated by 
the fact that there are very numerous small endings of the type 
described by Retzius and shown by Huber to be sensory in nature. 
This may lead to some confusion in the interpretation of results, but it 
is important that Agduhr found that the sensory fibres in the limb 
muscles degenerate more quickly than the motor-fibres, and by analogy 
it seems probable that these sensory fibres in the eye-muscles would also 


degenerate more quickly and therefore would not complicate the question 


so much as might be expected. Hunter stated “that the anomalies 
in Boeke’s interpretation of the accessory system undermine his con- 
tention that every individual muscle-fibre receives both a sympathetic 
and somatic ending.” 

It seems to me possible to explain the differences obtained after a 
short and longer period of degeneration in another way. Presuming 
that the staining of the two lots of material was equally good, the 
existence of fewer accessory fibres after three weeks may be due to 
the fact that with the inactivity of the muscle some atrophy of the 
sympathetic fibres may take place, not on account of their being cut 
off from their nerve ceils but simply due to the inactivity of the 
muscle. 

Boeke’s converse experiment of excising the superior cervical 
ganglion, Hunter stated, did not establish the fact that all the 
iecessory fibres were sympathetic. It is true that Boeke did not 
find the whole system to disappear, but only thought them fewer in 
number. ‘This, it seems to me, is all that could be expected in such a 
complicated plexus of fibres, where connections are found with the peri- 
vascular plexus, and where the existence of some small ganglion cells 
peripheral to the superior cervical ganglion may yet be demonstrated. 
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The intercostal experiments appear to me to afford a much easier field 
of investigation, and here the sympathetic nature of the accessory fibres 
seems to have been definitely proved. Hunter, however, advances the 
objection that this is only proven for the muscle as a whole, and not for 
the individual fibres of the muscle. The period of degeneration (one 
month) makes it impossible to show the double innervation of eac} 
fibre, but as Boeke had already demonstrated in a very large number of 
his figures that the accessory fibre ended in the same sole-plate as the 
myelinated fibres (and some of these figures were from intercostal 
muscles), one can surely definitely state that some muscle-fibres at least 
are innervated by both systems. Histologically it would be extremely 
difficult to show the double innervation, somatic and sympathetic, on 
every muscle-fibre, but some individual fibres are certainly proved, in 
my reading of Boeke’s work, to be doubly innervated. 

Of Agduhr’s work, Hunter gave a short account and criticized it 
on the ground that, as Agduhr stated, his “‘ accessory”’ plates approached 
in form to those of the motor-plate, and were by Hunter thought to be 
non-myelinated collateral branches of myelinated fibres which had not 
yet degenerated. The particular case he cited was found after five days’ 
degeneration. This, however, is only one particular case, and after a 
period of ten days similar appearances were found which ruled out the 
possibility of a somatic fibre on account of its evenness of staining and 
completeness. Agduhr stated in reference to his fig. 2: “‘ An intact 
sympathetic nerve with a simple loop formation terminates within the 
region of the motor-plate. There are thus instances of sympatheti: 
nerve-fibres in the musculature of the extremity that terminate with 
the region of a motor-plate.”” Clearly this means a double innervatio 
of these fibres at least, leaving out of account if necessary the large 
accessory plates whose sympathetic nature Hunter questions, althou 
Agduhr remarked “ It is as a rule easy to distinguish, even in prepara 
tions where all the nerves are intact, between motor and sympathet 
terminal plates of nerves.” 

The histological work that Hunter brings forward to prove his « 
tention that the sympathetic and somatic fibres do not end on the sai 
muscle-fibre has not yet been published, and only a short note of it 
given in his lectures. Hunter and Latham examined the mode 
ending of the nerves in the limb muscles of the goat and fowl, wh 
were used by Hunter and Royle in their experimental work. “In 
cases were they able to find a muscle-fibre receiving both kinds 
nerves.” Latham, however, distinguished hypolemmal sympathe‘ic 





NERVE-ENDINGS IN THE PANNICULUS CARNOSUS OF HEDGEHOG 399 


nerve on the slender muscle-fibres. As Hunter and Royle do not state 
that they found any variation in size in the normal muscle in the goat, 
and state definitely that very little variation could be seen in the normal 
muscle of the fowl, it is doubtful to what Latham refers when he speaks 
of slender muscle-fibres. 


(4) On Neuro-muscular Spindles. 


Of the older descriptions of the neuro-muscular spindles no mention 
will be made here. At that time these organs were considered to be 
germinating centres for muscle-fibres, and very little was known of the 
nerve-fibres connected with them. It was only when fuller descrip- 
tions were given of their nerve terminations that their sensory function 
became evident. 

Sherrington (1894) [55] before describing his own observations gave 
a review which may be consulted for the older work. In experiments 
after section of the motor nerve-roots (anterior) he always found that 


every spindle seen still possessed perfectly sound myelinated nerve-fibres. 


He, therefore, proved them to be sensory organs. From his own observa- 
tions in cats and monkeys he gave the following account: The lamel- 
lated capsule completely enclosed the periaxial lymph space through 
which the muscle-fibres of the spindle ran. At the proximal polar 
region these primitive muscle-fibres, two to twelve in number, were of 
the “‘ red’ (Ranvier) or “ triibe ” (Griitzner) variety ; as they penetrate 
into the organ, they split longitudinally into two or three daughter 
fibres. There they showed numerous nuclei in the thickness of the 
fibre, and often the marginal sheet of the substance of the fibre was 
alone striated. In the equatorial region the surface of the fibre was 
encrusted with a sheath of nuclei. At the distal polar region the 
muscle-fibres resembled in appearance those of the proximal polar 
region. 

The nerve-fibres of the posterior root passing to the spindle were 
large myelinated fibres, 7 to 17 w in diameter. They showed a very 
well marked sheath of Henle. Before they penetrated the capsule the 
internodal segments were from 600 to 900 yw long, while inside the 
spindle this distance was shortened immediately to 80 to 130 w. Inside 
the sheath the fibres usually divided and became less thickly myelinated, 
although their diameter remained the same or slightly increased. The 
nerve-fibres showed a serpentine course and ended in wide, flattened 
expansions, which Sherrington took to be the annulo-spiral ending of 


Ruffini. 
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It is most interesting that Sherrington, with the gold chloride 
method, could not satisfy himself of the existence of motor end-plates. 
But after removing a piece of the sciatic nerve, preventing regeneration 
and waiting 150 days, he found all the ordinary muscle-fibres of the 
gastrocnemius degenerated, while the intrafusal muscle-fibres were 
quite normal. To quote his conclusion: ‘‘ The intrafusal muscle-fibres 
seem in regard to their nutrition to be largely independent both of the 
afferent and of the efferent nerves of the muscles, if one may judge 
by absence of obvious degeneration in them five months after total 
denervation.” 

Sherrington did not observe any of the smaller afferent nerve- 
fibres entering a muscle-spindle. He did not find any spindles in the 
intrinsic eye-muscles nor in the intrinsic muscles of the tongue. 

Ruffini (1898) [52] gave a very minute account of the structure of 
the muscle-spindles of mammals, with special reference to the cat. 
The description of the intrafusal muscle-fibres and their endings alone 
need be considered here. He described the muscle-fibres as showing 
very well marked striation and nuclei more abundant than in the 
ordinary fibres. The nerve-endings in the spindles he divided into 
three types: the primary ending was formed from a very large medul- 
lated fibre which divided into two or three non-myelinated branches, 
and these flattened and wound themselves round the muscle-fibre in 
the form of rings or spirals, the annular or spiral endings, or a mixed 
form, the annulo-spiral. The second ending was formed from medul- 
lated fibres, never so large as those of the primary ending, and were 
found on either side of the annular or spiral ending. The nerve-fibres 
to this ending pass in with the primary fibre, but often enter the 
spindle from another nerve branch. The ending itself he described as 
having varicosities and suggesting sprays of flowers. His third type 
of ending, or plate-like termination, is of special interest in view of 
more recent work. These he stated were very variable in size and 
form, some being larger than and some smaller than the Rouget plates 
in neighbouring ordinary muscle-fibres. Ruffini could find no granular 
sole-plate nor eminence of Doyére. These endings were formed from very 
delicate nerve-fibres, which he thought to be branches of larger fibres ; 
they could be found entering with the latter to the primary or secondary 
endings, but sometimes came from a different nerve branch and entered 
the spindle by themselves. He found no branching of these fine fibres 
inside the spindle, so that each ending had a fibre of its own. From a 
comparison of a large number of spindles, Ruffini stated that the prima 
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and plate-like endings are constantly present. In summing up he con- 
cluded that there were no motor endings on the spindle muscle-fibres, 
as on analysis of the plate-like endings he thought them sensory. 
He never found a fibre from a motor-nerve bundle passing to the 
spindle. 

Golgi (1903) [26] described the muscle-fibres of the spindle to be 
distinguishable from the ordinary muscle-fibres by three points: (1) 
they were thinner, (2) constantly furnished with much more abundant 
nuclei of the sarcolemma, (3) throughout their whole length many of the 
naclei lay inside the muscle-fibre and had round them granular 
protoplasm. They were described by him as being like embryonic 


ordinary fibres. 

Perroncito [46] described fibres passing to the muscle-spindle in 
lizards which could hardly be other than motor. He was of the opinion 
that the muscle-spindle had motor as well as sensory nerve connections. 
In his later paper [47], he found very fine non-myelinated fibres 
passing into the muscle-spindles, as in this situation they were easily 


demonstrated. His figures show a very complex network of these 
fibres both in the capsule and inside it. The ultimate connections in 
this organ he could not determine but thought that in some cases they 
were in contact with the muscle-fibres. These thin non-myelinated 
fibres entered the spindle in the Henle sheath of the medullated fibre, 
and not with the blood-vessels. 

Golgi (1919) [27] was also of opinion that the muscle-fibres in the 
spindles had both sensory and motor terminations upon them. 

Dogiel (1902) [22] described the nerve-endings of the muscle- 
spindles. He found one or more thick medullated fibres passing into 
the capsule and ending in non-myelinated branches round the spindle 
muscle-fibres as Ruffini described. In addition to these, two or three 
thin medullated fibres formed endings, either inside or outside the 
capsule, which were of various forms, but were all small and plate-like. 
These he considered to be motor in function. He also found passing in 
along the blood-vessels sympathetic nerve-fibres, as Huber and De Witt 
[32] described. They evidently were connected only with the 
blood-vessels. 

Cilimbaris (1910) [20] made investigations on the muscle-spindles 
of the extrinsic eye-muscles of various animals. He found them present 
in these muscles in the sheep, roe, stag, goat, cow and wild boar, but 
absent in the horse, pig, dog, cat, fox, rabbit, hare and rat. The spindle 
muscle-fibres were found to be often small but were sometimes large, 
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and both sarcoplasm-rich and sarcoplasm-poor fibres were seen in the 
spindles. Inside the capsules of the spindle the muscle-fibres divided 
dichotomously and these smaller daughter-fibres united together at 
points to form a network. At the site of the sensory nerve-ending he 
described globules (Bliischen) inside the muscle-fibre. These were onl) 
found in this situation and were related to setting up of afferent 
impulses in the sensory endings. The nuclei of the spindle muscle- 
fibres were often placed more centrally than in ordinary skeletal fibres, 
but the contractile substance was the same as in ordinary fibres. 

Of the nerve-fibres passing to the spindles the majority were medul- 
lated. He believed that in isolated cases he had seen non-myelinated 
fibres passing to the spindles but could not be definite on this point, 
and in these few cases he thought them vasomotor fibres. While hé 
held that both motor and sensory fibres passed to the spindles, he could 
not agree with those who said that the thick medullated fibres were 
sensory and the thin medullated fibres motor. He found the calibre of 
the fibres subject to great variation; typical motor end-plates were 
sometimes found formed by a thick medullated fibre and sometimes by 
a thin fibre. In the same way the sensory ending could be formed from 
either large or small medullated fibres. He was convinced that there 
was no difference in the motor supply of ordinary muscle-fibres and the 
spindle muscle-fibres. In further proof of this he cited cases like those 
of Perroncito, where a motor-fibre divided into two branches, one of 
which ended inside the spindle on a spindle muscle-fibre, while the 
other ended on an ordinary muscle-fibre. Also he described a motor- 
fibre inside the spindle dividing into two branches, one of which ended on 
an intrafusal muscle-fibre and the other, after passing out, on an ordinary 
muscle-fibre. He never found more end-plates in the spindle than there 
were muscle-fibres, and no case of one muscle-fibre with two motor- 
plates was seen. These motor end-plates, he stated, in no way varied 
from the motor end-plates on the ordinary muscle-fibres. He noted the 
presence of the ultra-terminal fibres of Ruffini in a number of his 
end-plates on the spindle muscle-fibres, and they often passed outside th 
spindle to end on the ordinary muscle-fibre. 

The sensory endings described by Cilimbaris resembled those seen 
by others, only differing in the “‘ Blischen”’ formations being present 
in the muscle-fibres where the sensory endings were situated He 
pointed out that while the spindle muscle-fibres had both sensory and 
motor terminations upon them, there was always a termination-fre¢ 
part of the muscle-fibre between the two. 
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Sutton (1915) [56 
muscles of embryo pigs, while Cilimbaris could not find them in those 


found muscle-spindles in the extrinsic eye- 


muscles in the adult domestic pig 


dD? 


ulthough he did see them in the 
wild boar. In the earlier stages a very complicated network of fibres 
was found in the muscle, but as the embryo developed the plexus 
formation became less and less, until large branching fibres were left 
and these became myelinated. He found the early spindle muscle- 
fibres at first to be striated throughout their whole length, but later 
this striation was lost in the intracapsular part. It is also interesting 
that he described the capsule as a late development. 

Kulchitsky (1924) [35] described the muscle-spindles in python 
muscle and divided them into a simple form and a more complex one, 
the small and large spindles. He maintained that the spindle muscle- 
fibres retained their cross striation throughout their whole length, and 
did not show any change in thickness inside the capsule. Usually one 
medullated fibre was found entering the capsule, and after losing its 
myelin formed ribbon-like or spiral rings embracing the muscle-fibre. 
The endings he thought were on the surface of the fibre and were 
sensory. Besides the myelinated nerve-fibres Kulchitsky found non- 


inyelinated fibres which he thought were sympathetic, and which ended 


in ‘‘terminaisons-en-grappes’’ on the muscle-fibre of the spindle. 
These he found outside the limit of the capsule and several endings 
could be found on one spindle muscle-fibre, but he also described non- 
myelinated fibres passing inside the capsule to end on the muscle- 
fibres; these, however, he did not show in his figs. 10 and 11 to end in 
‘“‘ terminaisons-en-grappes,”’ although he believed they did end in this 
way. These non-myelinated fibres he considered to be quite separate 
from the myelinated fibres, which he described in the rest of the muscle, 
and to be motor in function. 

In his later paper [36] on the innervation of frog’s muscle he made 
no reference to muscle-spindles. 

Dart (1924) [21], from his observations on Kulchitsky’s specimens, 
made several statements which cannot be correlated with Kulchitsky’s 
own description. In the short oval capsulated spindle the medullated 
fibre is said to divide into non-myelinated branches and end in plate- 
like forms within the capsule, while the sympathetic fibres end on the 
muscle-fibres of the spindle in what he describes as motor sympathetic 
endings, contrasting them with the sympathetic sensory or “en- 
grappes ”’ endings. 

The resistance to atrophy described by Sherrington he thought 
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might be accounted for by (a) the preservation of primitive characters 
of the muscle-fibres, and (b) the very rich sympathetic motor innerva- 
tion. Dart also remarked that he awaited confirmation of coarsely 
myelinated motor-fibres going to a spindle, as Perroncito described. 


Part III.—Oriaimnat Work. 


(1) On the Striated Muscle of the Hedgehog. 


Material.—The fully-grown hedgehogs were killed with chloroform 
and the muscles dissected out as quickly as possible. When the 
panniculus carnosus was dissected out it could be seen to receive 
branches from each spinal segment. These branches run across the 
sheet of muscle on its ventral aspect and give off as they pass out 
small branches which pass into the muscle. In the substance of the 
muscle the small nerve bundles always keep a course at right angles to 
the length of the muscle-fibres. All the observations were made on 
this muscle. Small pieces of the muscle were quickly removed and 
carried through by the method now to be described. 

Method.—This was the Fischer modification of Ranvier’s method as 
used in Golgi’s laboratory, and will be given in detail. 

(1) Immerse small pieces of tissue in a 25 per cent. solution of pure 
formic acid, and, depending on their size, leave for ten to fifteen 
minutes. See that the immersion is complete. During this period 
tease the preparation a little to get better penetration. Too much fluid 
should not be used. . 

(2) Take the pieces quickly from the acid solution and place on a 
clean folded duster, cover with another fold, and press gently to absorb 
as much acid as possible. 

(3) Pass to a 1 per cent. solution of gold chloride, just sufficient 
to cover the pieces completely, and shake the pieces in it. No iron 
instrument must be used in this or subsequent baths. Bone-pointed 
forceps or metal forceps covered with paraffin wax must be used. It is 
advisable to cover the dish with a blue or yellow glass. Leave 
twenty minutes at the most. 

(4) Carry out (2) again with clean duster. 

(5) Pass tissue into a 25 per cent. solution formic acid. Use just 
enough to cover the pieces of tissue. Leave in absolute darkness foi 
twenty-four hours. 

(6) Proceed as in (2) again. 

(7) Pass to pure glycerine and leave in ordinary light in a closed 
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vessel. The longer the tissue is left in glycerine the clearer does the 
preparation become. (Some of my best specimens of frog muscle are 
five years old.) 

Cleanliness is paramount in order to get good results; my solutions 
were made up in double- or treble-distilled water. 

The preparations are made by teasing small pieces of the stained 
muscle or nerve and mounting these in pure glycerine. The 
permanent preparations are ringed with a cement or gold size. 

The method of final preparation, that of teasing, has very 
definite limitations. The complete continuity of the fine nerve-fibres 
and fibrils must of necessity be sacrificed in many instances in the 
interests of elarity. The definite establishment of continuity in even 
one case is therefore of extreme importance and totally outweighs the 
fact that it has only been seen once. The teasing then, while it 
sacrifices the multitude of fine fibrils in the preparation, dozs in some 
few and fortunate specimens show their course and continuity with 
great clearness. This method is therefore only capable of showing 
continuity throughout a short distance of their course, unless in 
exceptional cases. 

The nerve-fibres when well stained appear intensely purple or 
black. If, therefore, a thick nerve-fibre is accompanied by a very 
fine fibre of very much smaller diameter, it is obvious that in two 
positions out of the large number of possible positions which the 
thin fibre may occupy on the periphery of the large fibre, will it 
be clearly seen when viewed from above. At all the other possible 
positions it will be obscured by the dark thick fibre, and it is extremely 
difficult on focusing to be sure of its existence against the dark thick 
fibre as it is itself dark. It is therefore possible for a fine accompanying 
fibre to pass out of sight, and yet retain its independence of the large 
fibre, unless it can be traced to pass out of sight at a node of Ranvier, 
at which point only do myelinated fibres in their course give off 
myelinated or non-myelinated branches. 

(a) The muscle-fibres—In order to examine the whole length of a 
single muscle-fibre, which is extremely difficult in teased preparations 


of the panniculus carnosus muscle, the small pieces of muscle after being 
in glycerine for a long period were washed in distilled water and 
placed in a weak solution of nitric acid to dissociate the different 
elements. This caused a great shrinkage, but otherwise did not seem 
to harm the tissue. The single muscle-fibres could then be mounted, 
a number on one slide, in glycerine. 
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This method of preparation reveals the fact that the muscle-fibres 
are peculiar in that they are all long and fusiform, tapering towards 
both ends very slowly from the middle of the fibres. They are unlike 
the usual striated fibres which appear as parallel-sided cylinders for 
nearly their whole length and only present rounded ends just at their 
attachment to the tendon. A considerable degree of variation in size 
of the individual fibres was found, some of the smallest fibres having a 
diameter at their middle of one-half or one-third of the diameter of the 
larger fibres at the same point. Therefore, where the whole length of a 
fibre in a teased preparation cannot be followed out it becomes a matter 


Fig. 1. 


of great difficulty to decide whether the particular fibre is really a smal! 
fibre or the tapering end of a large fibre. 

With reference to the plurisegmental innervation of each fibre, it is 
interesting to note here that the muscle-fibres are much longer than 
is the distance between the segmental nerves as they pass over the 
whole muscle. Some of the larger fibres, which are also the longest, 
are long enough=to have three segmental nerves passing across thei 
at different points. 

The cross-striation in the dissociated fibres is not very well marke: 
this I think is due to the staining, as in some of the other preparations 
the cross-striation is well marked. As to the existence of two types 
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muscle-fibres the following points may be made. On account of size 
two types of fibre could not be distinguished clearly, as all sizes between 
the largest and the smallest could be found. The degree of longitudinal 
striation is more interesting. Some of the fibres show a much coarser 
longitudinal striation than do the others, and while intermediate 
grades may be found the two sets might be more clearly differentiated 
by this than by size. In addition to the more deeply stained longitudinal 
striation these fibres show very deeply stained little elongated masses of 
sarcoplasm, in the centre of which may be seen clear oval structures, 
the muscle nuclei. These elongated masses may be longer and contain 
nuclei at equal intervals in their course. These fibres would therefore 
appear to have a larger amount of sarcoplasm. The number of the 
nuclei in the longitudinally striated fibres does not appear to be more 
numerous than in the fibres not showing this marked longitudinal 
striation. In the latter fibres the nuclei are less clear, as the sarcoplasm 
round them is not deeply stained. This, it seems to me, raises the 
question at once as to whether these markedly longitudinally striated 
fibres are not simply fibres which are more deeply stained. It 
is necessary to state that in this muscle, for a reason to be given 
presently, uniform penetration and therefore staining is very difficult 

The cross-striation is in these fibres as a rule very well marked. The 
size of the deeply stained longitudinally striated fibres varies consider- 
ably, and while a number of these are of the smaller sizes, one or two 
of the larger fibres have also been seen in this condition. The total 
number of these fibres is very small compared with the number of the 
fibres not presenting these peculiarities. By no means all the small 
fibres show them. In view of the appearance seen in frog muscle where 
two different types of fibres are known to exist, it seems to be impossible 
to say definitely that there are in the panniculus carnosus two distinct 
types of fibres, but appearances suggest that for some reason the sarco- 
plasm in a few of the smaller fibres stains more deeply and may be 
present in larger amount than in the other fibres. 

The arrangement of the muscle-fibres in the sheet of muscle shows 
that the individual fibres interdigitate with one another, so that at any 
one line drawn transversely across the muscle one finds all stages, from 
the very thin ends up to the large diameter of the middle of the fibre. 
This makes the muscle very difficult to tease without injuring a large 
number of the elements, and makes uniform penetration of the 
staining reagents and consequent uniformity of staining very difficult. 

(b) The constitution of the nerves entering the muscle-—Observations 
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were made of teased nerve bundles as they entered the muscle, or of 
bundles in the muscle at some distance from their endings. These 
bundles were stained by the same method. This investigation was 
made to see if there were any fine non-myelinated fibres present in the 
intramuscular nerve or nerves as they enter the muscle, and, if so, in 
what numbers were they present. That is, it was an attempt to 
eliminate a criticism which might be levelled at the demonstration of 
non-myelinated fibres near the region of the motor-plates of Rouget, 
that in this situation these non-myelinated fibres are simply small 
non-myelinated branches of the myelinated fibres in or near this 
region, ‘The demonstration, then, of a number of fine non-myelinated 


fibres in the nerve at its entrance into the muscle would in part 


eliminate this objection, as it is much more reasonable to suppose that 
the fine non-myelinated fibrils in the region of the motor plate are the 
continuations of some, at least, of the fine non-myelinated fibres found 
in the nerve some distance proximal, than to postulate that they are 
new branches of the myelinated fibres near the end-plate, and that the 
non-myelinated fibres found proximally have some other termination 
before they reach the region of the motor end-plates. 

In good preparations the myelinated fibres are deeply stained and 
their nodes of Ranvier well marked. ‘There is found to be extremely 
little or no branching of these fibres at the nodes. The great majority 
of these are large well-myelinated fibres showing some variation 
in size. Smaller myelinated fibres are also seen in smaller numbers, 
but easily distinguishable by their nodes from the next type of fibre to 
be described. 

A relatively large number of non-myelinated fibres can be found 
These are easily differentiated from the myelinated fibres. They do 
not have the sharp outlines of the myelinated fibres and show no sign 
of segmentation at nodes of Ranvier. They are less deeply stained and 
vary in size from that of the small myelinated fibres to extremely fine 
fibrils. ‘They show in their course the characteristic nuclei of the pale 
fibres. Some of these larger pale fibres divide up into a number of 
thin fibres, which may pass on singly or reunite with their fellows, or 
unite with other thin pale fibres, showing that the tendency to plexus 
formation is already present in the nerve. ‘They may be found 
single, accompanying a thick medullated fibre, or in groups twisting an 
twining together. They are clearly distinct from the myelinated tibres, 
and are not found as branches of them. 

The same facts could be observed in the smaller intramusc 
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nerves some distance from the muscle-fibres they supplied. The 
existence, then, of a separate system of non-myelinated fibres is 
definitely proved in these nerve bundles. 

(c) The motor-endings.—On even a preliminary examination of the 
motor-endings of the medullated fibres, the variation in size, shape, and 
form is striking. The form of the motor-plate in this muscle is very 
complicated and not unlike type I, as described by Kulchitsky in snake 
muscle. After long examination of many preparations it has been 
impossible for me to make any division of these varying forms into 


Fic. 2 Fig, 3. 


definite classes or types; while some variations resemble in some 
respects the “ terminaisons-en-grappes,” it has been impossible to make 
any distinction between these forms and the more typical Rouget plates, 
as all forms intermediate between these two are found not in a few 


cases but in many. 

A more detailed description of some of these variations will now be 
given. 

The medullated fibres as they pass across the muscle-fibres to which 
they are connected show some branching at the nodes of Ranvier. It 
s of interest that while a medullated fibre may in some cases appear 
not to divide at all but to end in one Rouget plate, which is usually 
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large in size, the fibre may as it passes give off three or four short 
branches, all of which end in large plates, and then end itself in a 
large plate. What relation this has to the numerical method now 
in use of counting the fibres on cross sections of a nerve in determining 
the functional activity of that nerve, is not quite clear. But if one 
nerve-fibre may either innervate one or five muscle-fibres, as it appears, 
this fact must be taken into account. 

Near the point of entrance of the medullated fibre into the muscle- 
fibre the myelinated sheath may be lost. In a number of cases this 
may occur at some distance from the plate. The branches of the 
medullated fibre which form end-plates may also be non-myelinated, 
or at least very thinly myelinated, so that some motor end-plates may 
be found which have a medullated fibre while others have a non- 
medullated fibre. But this distinction seems to be of very little value, 


No. 44. 


Fic. 4. 


as these non-myeliaated fibres are simply branches of the axon of the 
medullated fibre, and must have exactly the same origin and function. 
In some cases where the further course of one of these non-myelinated 
fibres is obscured it seems to me unnecessary to suppose that it is a 
non-myelinated fibre throughout its course, when this form of branching 
—non-myelinated fibre from myelinated—is so common in all the 


preparations. 

Some of the branches are definitely medullated, though by no means 
so heavily as the parent fibre. While it is true that in some cases 
this apparent loss of myelin proximal to the end-plate may be due to 
stretching or to the teasing of the preparation, in other cases it can 
be definitely stated not to be due to this mechanical strain. 

Examining now the mode of entrance of the fibre into the musc 
fibre, in many cases, especially in those plates showing an oval 0! 
rounded form, the nerve-fibres pass directly under the sarcolem1i: 
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without dividing. In others the fibre may divide into two or more 
branches, each of which enters separately into the muscle-fibre. This 
is often seen in the case of two branches, and a special form of end- 
plate to be described later is often associated with it. Some of these 
branches are collaterals and wil! also be described later in their 
terminations. 

A peculiar form of this branching has been observed in some of the 
specimens. As the two branches pass together to the plate, separated 
only by a small angle, the sheath of Henle appears to be greatly 
thickened and corrugated and contains a large number of nuclei. 
Through this the axon cylinders pass in a spiral fashion. One of this 
form may be seen in fig. 13, which, however, is complicated by the 
further branching of the fibres to supply other plates. It can, how- 
ever, be seen in many cases where branches supplying one end-plate 
only are present. 

Variations in size of these motor end-plates are marked, some of 
the endings only occupying approximately one-quarter of the area of 
the largest plates seen. The largest plates lie as a rule in the middle 
portion of the largest fibres, that is, near their points of maximum 
diameter. They are formed more commonly from nerve-fibres which 
are medullated up to, or very close to, their point of entrance into the 
fibre, and much less commonly from fibres which lose their myelin 
proximal to their entrance into the muscle-fibre. The smaller end- 
plates are more commonly formed from non-myelinated branches or 
from thinner myelinated fibres, but in some cases a quite thick 
myelinated fibre may form a smaller plate. These smaller plates are 
often found on muscle-fibres of smaller diameter, which are frequently 
really the tapering ends of a large muscle-fibre. Quite often, however, 
these small plates are seen on the larger muscle-fibres where their 
diameter is still relatively great. 

Some conclusion as to this great variation in size of the motor end- 
plates may be drawn from an examination of the dissociated muscle- 
fibres described above. This was primarily undertaken in order to be 
able to follow out easily the whole length of a single muscle-fibre and to 
see if more than one ending could be found on it in view of Agduhr’s 
statement that the individual fibre is innervated plurisegmentally. 
Agduhr’s specimens from limb muscles show the different segmental 


plates very close to one another on the muscle-fibre. In a muscle such 


as the panniculus carnosus, no joining together of the spinal roots occurs, 
so that one could not expect to find end-plates close together on the 
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single fibres. In favourable cases two or more end-plates separated by 
a long distance have been found on single fibres (fig. 1). Now as very 
few fibres of the nerve bundles show a longitudinal course, unless for 
a very short distance just proximal to their ending, and the distance be- 
tween the end-plates is approximately the distance between the segmental 
nerves, I think it can be safely concluded that in these cases single 
muscle-fibres are innervated plurisegmentally. Numerous instances were 
not found, but this was doubtless due to the difficulty of keeping the 
long single fibre intact in the process of dissociation and mounting, and 
to the fact that while one end of the muscle-fibre might be appropriately 
stained to show an end-plate, the other end was often too deeply or too 
lightly stained. 

It is found that the larger motor end-plates are near the middle 
of the fibres, while smaller plates are often seen nearer the ends of 
the fibres. That both the end-plates on the one fibre are motor is 
proved by their hypolemmal position and granular sole-plates. The 
plurisegmental motor innervation of the single muscle-fibre can 
therefore be confirmed for at least some of the muscle-fibres of this 
muscle. It differs only from Agduhr’s demonstration in that the plates 
are very far apart on the single fibre. 

During these observations it was easy to examine the endings on the 
more longitudinally striated muscle-fibres. I was not successful in finding 
such a fibre with a plurisegmental innervation, not, I think, because 
they do not exist, but on account of the very small number of these 
fibres which could be found and followed for any considerable distance. 
That these fibres with well-marked striation are innervated by exactly 
the same type of nerve-fibre as the other muscle-fibres, and with 
the same type of end-plate, could be perfectly definitely established. 
These fibres received a myelinated fibre, often a very thick one, which 
is contrary to the idea that they might have only a non-myelinated 
sympathetic nerve supply. 

It is to be regretted that these dissociated preparations do not show 
the very fine non-myelinated fibres to be described later. This is no 
doubt due to the method of preparation, as it is quite unlikely that such 
fine fibrils would withstand the treatment. 

Great variations in the form of the Rouget end-plates are found. 
In the hedgehog the terminal ramifications of the axis-cylinder have a 
very much more complex formation than is seen in many of the other 
vertebrates—much more complex in my preparations than those seen 
in lizard, rat, rabbit or human muscle. The branch or branches of the 
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myelinated fibre, after passing through the sarcolemma, divide up 
into fine branches. These show in many specimens a great deal of 
anastomosis, so that an end-net is formed. Parts of these branches, 
either the terminal points or the points of junction or anastomosis, 
present thickenings which are very deeply stained. The terminal 
thickenings are often rounded or knob-like. The degree of branching 
and anastomosis varies very considerably. In some cases one part of 
this terminal arborization is very much more marked and gives the 
appearance of a central whorl, or wheel with radiating spokes, set in 
the less well marked branching of the remainder of the terminal 
ramifications. 

In some cases where two branches of nearly equal thickness pass 
into the end-plate they each form terminal ramifications which remain 
discrete in the same sole-plate, suggesting the appearance of a double 
plate. In other cases, where the two branches are of unequal thickness, 
the large branch passes in and forms the large part of the plate, while 
the fine fibre passes often to the most distal point in the terminal 
ramifications. It is curious to notice this long course of the thin branch 
to reach this point furthest from its starting point. 

The shape of the area occupied by the terminal ramifications 1n the 
plate is frequently rounded or oval, but many shapes are seen. 
Elongated forms are fairly common, and less rarely quite irregular 
forms can be observed. The smaller Rouget plates show similar varia- 
tions in shape, but much less markedly than the larger plates, as the 
former are much more commonly rounded or oval. 

In all preparations which were properly stained a granular sole-plate 
could be seen extending over a slightly larger area than the terminal 
ramifications. In some cases it was much more darkly stained than 
in others, but it was invariably present. At the edge of the granular 
sole, in a number of cases, the nuclei of the sole could be seen as large 
clear areas. 

As has been mentioned above, no difference could be found in these 
motor-plates on the muscle-fibres which were markedly longitudinally 
striated. All that may be said is that the rounded or oval form was 
seen on them more commonly than the more irregular forms, and the 
sole-plate was usually very well marked. 

From the foregoing account, it can be seen that it is impossible to 
attempt to divide the motor end-plates into two types. Real “ termin- 
aisons-en-grappes» have not been found, and although some forms 


approximate to them, all transitional stages between these and the 
PI 8 
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typical round or oval Rouget end-plate are numerous, and so classification 
becomes impossible. 

Where a myelinated fibre branches before its entrance into the 
muscle-fibre the small branch may be non-myelinated, and instead of 
passing into the end ramifications of the plate, as already described, it 
may form a small discrete end ramification on the same muscle-fibre, 
either in the same granular sole or in a small collection of granular 
substance near the main ending. This is the collateral type of fibre. 
A number of cases like this have been found. They must be clearly 
distinguished from the accessory fibres presently to be described. The 
collateral is simply a branch of the myelinated fibre near its ending, and 


appears to me to be simply a slight irregularity from the usual type 
of branching where all the branches end together on the same sole- 
plate. 

A more interesting type of fibre is that seen in fig. 6, which I take 
to be an ultra-terminal fibre. It arises in the terminal ramifications and 
passes round the muscle-fibre to a completely different level from the 
end-plate. It is of course impossible to show this in the diagram. In 
this course upwards to the right and then to the left it has upon it two 
clear nuclei. It ends in a small ramification, the exact position of which 
it is extremely difficult to determine. It may be situated either on the 
opposite side of the muscle-fibre from the Rouget plate, or on a different 
muscle-fibre lying above. 
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Another extremely interesting fine non-myelinated fibre is that seen 
in fig. 7. It is impossible to determine whether it is accessory or 
somatic, that is a branch of a myelinated fibre, as its continuity is lost 
just previous to the myelinated fibre, and its further course, as distinct 
from that fibre, or as a branch of it, is hidden. The medullated fibre 
passes upwards toend in a plate which is obscured by very deep staining; 
while the fine non-myelinated fibre passes across a muscle-fibre to lie, it 
appears, between two muscle-fibres. It divides into three branches; one 
passes upwards with slight varicosities and ends after a short course, 
while the other two, each of which has varicosities, and one nucleus upon 


Fig. 8. 


it, appear to join together again and end in a long loop. The whole 
termination appears to be outside the muscle-fibre, but whether in 
connective tissue or not it is difficult to state. It may represent one 
of Kulchitsky’s free terminations in the connective tissue of muscle, but 
of this I am by no means certain. 

The accessory fibres.—The presence of these fine non-myelinated 
fibres has already been described in the small nerve branches entering 
the muscle. A system of fine non-myelinated fibres can be found in the 
well-stained preparations in the region of the Rouget plates in teased 
specimens of the muscle. In a large number of preparations they were 
not found, as the staining needs to be extremely good to show them on 
account of their very delicate structure. I have no doubt that they are 
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the continuations of the fine non-myelinated fibres already described in 
the nerve bundles. They will now be referred to as the accessory 
fibres, as they appear to be identical with those described by Boeke. 

The accessory fibres are found, as a rule, accompanying the medul- 
lated fibres in their course to their Rouget plates. The exact position 
of these fibres, whether inside or outside the sheath of Henle, is difficult 
to determine. At certain points they appear definitely outside this 
sheath, but in a large number of instances they appear to be inside it. 
The latter appearance is in many cases due to the fact that being very 
many times smaller in diameter than the medullated fibre, and being 
viewed only from above, these fibres will, unless they be at the extreme 
right or left edge of the sheath, appear inside the sheath instead of 
below cr above it. At some point in their course they often take up 
this extreme iateral position and appear to be definitely outside the 
sheath. In other cases they do not. 

They are usually single where found accompanying one medullated 
fibre, but in some cases more than one can be found in this situation. 
At intervals along their course they have elongated nuclei, which are 
sometimes clear and highly refractile, and sometimes more deeply 
stained. At some points they have a tendency to break up into two or 
three finer branches, only to reunite into the single fibre after a very 
short distance. This peculiarity is of interest as Boeke figures it in 
many of his drawings. 

Near the end-plate the accessory fibres present various arrangements 
according to which they can be divided into four different types. These 
types are different only in this respect, and cannot be differentiated by 
any peculiarity of size or structure. 

Firstly, the accessory fibres may pass with the medullated fibre into 
the same sole-plate and appear to end there (fig. 8). Their exact point 
and type of termination in this situation cannot be determined in my 
preparations. They become completely obscured by the very deeply 
staining ramifications of the myelinated fibre with its knob-like end- 
points and by the granular sole-plate. It can, however, be stated after 
thorough examination that in these cases they do not pass out from 
the region of the sole-plate of the Rouget ending. This is not due to 
the further course of the fibre being interrupted by the teasing, as they 
can be definitely seen to enter the granular sole-plate. Whether they 
end, as Perroncito desctibed in the lizard, in a complicated end-net 
with branches into the granular substance, or terminate by joining the 
ramifications of the medullated fibre as Gemelli observed, or end in 
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entirely separate small end-nets in the heart of these ramifications as 
Boeke described, it is impossible to decide in these preparations. It is 
unfortunate that their exact termination cannot be seen, but it is only 


Fic. 10. 


in those cases where the myelinated fibre, its end ramifications and the 
granular substance are all very deeply stained that the existence and 
course of the accessory fibres can be followed out at all, and this, of 
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course, obscures their final termination in this first type. Fortunately, 
however, they have other final endings which can be clearly seen and 
which reveal their nature more conclusively. 

Secondly, the accessory fibre may pass away from the medullated 
fibre just proximal to the latter’s formation of the Rouget plate, or pass 
over or along the side of the Rouget plate to end after a shorter or 
longer course in an isolated small plate-like ending on the same or on a 
neighbouring muscle-fibre (e.g., fig. 10). In this class the termination 
of the fibre in a distinctly separate end-apparatus is perfectly clear. Its 
structure is simply that of the Rouget plate in miniature, with the 
formation of knob-like expansions in a bed of granular nucleated sole 
substance. In some cases the heavily-stained knob-like appearance is 
not evident and a simpler loop-like structure is seen. A large number 
of instances of this type of termination has not been found in which the 
identity of the accessory fibre could be followed out for any distance. 
In a large number of cases the independence of the accessory fibre can- 
not be shown definitely. It is, therefore, possible to look upon this 
larger number of cases as simply collateral fibres of the medullated 
fibres, and not as accessory fibres. That undoubted collateral fibres do 
exist has already been mentioned, but a number of these doubtful 
instances seem to me to be more probably accessory fibres than collateral, 
but this cannot be proved. The very small diameter of these accessory 
fibres makes it possible for them to run for long distances just under or 
above the thick medullated fibres, so that their independence is not 
obvious, and the appearance suggests that they are branches of the 
myelinated fibres. As stated above, however, some of the accessory 
fibres can be traced to their endings over a long course and they are 
certainly not collateral fibres. 

Thirdly, the accessory fibre associated with the myelinated fibre 
just before its termination may pass from the region of the Rouget 
plate, enter into intimate connection with a neighbouring capillary and 
run along in contact with its wall (fig. 14). The number of instances 
in which this has been seen and followed for some considerable distance 
leads to the inevitable conclusion that this is not a chance connection, 
or a method by which the accessory fibre passes to another muscle-fibre 
or other destination, but that these accessory fibres do in fact supply 
the capillary wall in the region of the Rouget end-plates. 

When a small arteriole is examined and the thicker non-myelinated 
nerve-fibre running along its wall is followed to the capillaries which 
branch out from it, these undoubted sympathetic fibres are seen 
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to occupy exactly the same relations to the capillary, as regards 
intimacy, nuclei along their course and thickness, as do the accessory 
fibres of this type. This observation has been repeatedly made, and 


Fig. 12. 


seems of the greatest importance in interpreting the significance of the 
accessory fibres. It also demonstrates the probability of the capillaries 
in muscle being supplied by fibres which reach them by two different 


routes. 
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One special case seems of still greater importance, that shown in 
fig. 9, in which an accessory fibre is seen ending in profile on a muscle- 
fibre, after a short course from a leash of medullated and accessory 
fibres. The accessory fibre divides up into branches, most of which end 
in darkly staining end-knobs forming the small plate on the muscle- 
fibre, while one of these branches pursues a downward course and 
becomes intimately associated and connected with a capillary. This 
demonstrates conclusively that the accessory fibres which supply the 
capillaries and those which have small end-plates are of exactly the 


same origin. 


Fourthly, the accessory fibres may pass from the myelinated fibre in 
the region of the Rouget plate, or from a small nerve bundle directly, 
to form a plexus by anastomosing with other accessory fibres, from 
which branches may pass off to have endings of the second or third 
These plexuses are easily demonstrated lying between the 


types. 
muscle-fibres in the substance of the muscle. 
No ganglion cells have been found in relation to this non-myelinated 


plexus. 

(d) The neuro-muscular spindles.—A large number of these organs 
were examined. In this muscle no very simple spindles were found, and 
the majority contained from two to five muscle-fibres. The spindle muscle- 
fibres were small in diameter and tapered out on either side of the 
equatorial region for a long distance. In the gold chloride specimen it 
has been impossible for me to see the division into daughter-fibres inside 
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the capsule, but it is certain that the number of muscle-fibres inside the 
capsule is larger than at either pole outside the capsule. These spindle 
muscle-fibres have as a rule acoarsely-marked longitudinal striation and 
little collections of deeply stained sarcoplasm round the muscle nuclei. 
In some few cases, however, the intrafusal muscle-fibres have no marked 
longitudinal striation. 

The capsule is well shown in these preparations, but does not merit 
further description here. 

The nerve connections of the spindles are of more interest. The 
endings in the equatorial region are the typical annulo-spiral and flowery 
terminations described so fully by Ruffini, The first of these is seen to 
be more extensive and constant than the second. It is formed from a 
very thick medullated nerve-fibre, which often enters the capsule near 
the equatorial line; of all the intramuscular nerve-fibres it is easily the 
largest medullated fibre to be seen. While there is often one of these 
thick fibres, sometimes there are more than one. 

The plate-like endings on these muscle-fibres are found as a rule 
outside the capsule towards either extremity of the fibres. In all the 
spindles which I have examined these endings are formed from medul- 
lated fibres. The nerve-fibres are not so thick as those forming the 
annulo-spiral ending, but in every case they are definitely medullated 
fibres, of about the same calibre as those forming the usual Rouget 
plates. They often enter the spindle with the very thick medullated 
fibre and travel outside the equatorial region to form their endings. In 
other cases they are seen to pass to the spindle from a small leash of 
motor nerve-fibres which supplies the neighbouring ordinary muscle- 
fibres. In one case, seen in fig. 15, a medullated fibre which passes in 
from this latter direction is thicker than is usual for this type of 
fibre. 


The endings are like the small Rouget end-plates seen on the ordinary 


muscle-fibres. They have, I think, a granular sole-plate, but it is 
difficult on account of the coarsely marked longitudinal striation and the 
little deeply stained masses of sarcoplasm to be absolutely certain of 
this. They appear to lie hypolemmally. The form is often oval or 
somewhat elongated, while in other cases it is round. In their course 
along the spindle muscle-tibres, these myelinated nerves give off branches 
which form the end-plates, and it can be quite easily seen, in some 
cases, that one nerve-fibre ends in two places on the same muscle- 
fibre. In fig. 16 the medullated nerve is seen to give off a small branch, 
which immediately divides into two, and these form two plates on the 
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muscle-fibre, and the nerve-fibre passing down terminates in a third 
plate all on the same muscle-fibre. 

A number of the accessory fibres have also been seen passing into 
the spindle, but the exact mode of termination of these very fine non- 
myelinated fibres cannot be seen in my specimens. Some of the 
accessory fibres pass in with the thick myelinated nerve and form a very 
complex network of ramifications inside the capsule, but whether thess 
actually have endings on the spindle muscle-fibres or not cannot be 
determined. Others of the accessory fibres enter with the nerve-fibree 
to the plates of the spindle muscle-fibres, and pass with them in a polar 
direction to end where continuity is maintained in relation to capil- 
laries. Fig. 16 shows a case of this type, while fig. 15 shows a medullated 


Fic. 17. 


fibre from a motor nerve branch, accompanied by a single accessory 
fibre which divides up into a number of branches which have unfor- 


tunately been broken. 
The following short notes have been made of work done by the same 


method on the striated muscle of different vertebrates in an attempt to 
correlate and verify some of the statements which have been made in 


relation to the main work on hedgehog muscle. 


(2) Note on the Nerve-endings in Striated Muscle of the Frog. 


The two types of muscle-fibre in the frog are fairly easily distinguished 
In my gold chloride specimens, however, they show relatively 
the longitudinal striation being only very 
On the basis of this structural 


by size. 
little difference in staining, 
slightly more marked in the thin fibres. 
characteristic alone, in my preparations it would be almost impossible 
to distinguish the two types. 


BRAIN.~-VOI. XLVIII. 
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Only two points in relation to their innervation will be dealt with. 
The innervation of the thin fibres is of great importance in relation to 
Hunter’s work. A very large number of these thin fibres can be found 
to have endings of the Kiihne type formed from branches of medul- 
lated nerves. To be perfectly certain of this somatic innervation 
I searched for examples, of which fig. 17 is one, in which a medul- 
lated nerve-fibre divides and supplies both a thick muscle-fibre and 
an adjacent thin muscle-fibre; that is the two types of muscle- 
fibres that are innervated from the same nerve-fibre. Numerous cases 
of this can be found. No difference then exists in frog muscle in the 
innervation of the thin and thick muscle-fibres, for at least a large 
number of the thin fibres. The other point of note in this muscle is 
the very extensive non-myelinated plexus of nerve-fibres which can be 
seen in it in well-stained specimens. Some branches of this plexus are 
connected with the walls of the capillaries. But I am convinced that 
the whole plexus is not related to blood-vessels alone, although I have 
as yet been unable to follow out the branches of the plexus to definite 
endings in the muscle-fibres or in the endomysium. Some of these 
thin non-myelinated fibres have a position similar to the accessory 
fibres, and are seen running with the myelinated fibre outside the sheath 
of Henle. 


(3) Note on the Nerve-endings in Striated Muscle of the Lizard. 


The thin and thick muscle-fibres in this muscle show, in my few 
preparations, very little difference in their staining. The thin muscle- 
fibre, which has an annulo-spiral ending upon it, has a very well marked 
cross-striation but shows no more marked longitudinal striation than the 
large fibres. 

Accompanying the medullated fibres to the Rouget end-plates very 
fine non-myelinated accessory fibres have been found. These are 
definitely outside the sheath of Henle at certain points. While their 
full course, especially in relation to the medullated nerve near and 
at the Rouget end-plate, cannot be followed in my specimens, at other 
points these accessory fibres can be seen to have connections with the 
fine non-myelinated fibres on the capillary walls. 

The thin muscle-fibre mentioned above forms in itself a simple 
spindle. This fibre lies free in the muscle and is not enclosed in any 
lamellated capsule. A large medullated nerve-fibre forms a very well 
developed annulo-spiral ending upon it. 
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(4) Note on the Nerve-endings in the Extrinsic Eye-muscles of the 
Rabbit. 


The fibres of these muscles show considerable variations in size and 
in the degree of longitudinal striation when stained by the gold chloride 
method, but cannot be classed into two definite types. 

The motor end-plates formed from myelinated nerves are found 
mainly in the posterior part of the muscle, and the sensory termina- 
tions mainly in its anterior part, although they exist to a certain extent 
in the part supplied with motor end-plates. The Rouget end-plates are 
found both on the thick and the thin muscle-fibres, and are formed 
from nerve-fibres which retain their myelin right up to the sarcolemma. 
They show a characteristic branching outside the muscle-fibres into as 
many as five or six short meduliated branches, which all assist in the 
formation of the extensive terminal ramifications in a well-marked 


granular sole-plate. 

The sensory fibres give off many fine non-myelinated fibres at 
the nodes of Ranvier and end by running for very long distances as 
non-inyelinated fibres. These non-myelinated fibres end in small 
collections of darkly-stained knobs connected together by very fine 
branches. These may become more extensive and many may be found 


on one fibre. They show no sign of a granular sole-plate. 

I have been unable to find accessory fibres ranning with the motor 
fibres, and on account of the large number of non-myelinated fibres 
which are branches of the sensory medullated fibres, the nature of 
thin non-myelinated fibres which have no definite connections in their 
short visible course is extremely difficult to determine in this muscle. 


(5) Note on the Nerve-endings in Human Pectoral Muscle. 


I have to thank Dr. J. Scoular Buchanan for the opportunity of 
obtaining small pieces of a pectoral muscle in a perfectly fresh condition 
from the operating theatre. 

In this muscle a great uniformity in the size of the muscle-fibres is 
found, and very little difference between individual fibres can be 
observed by my method of staining. 

The nerve-fibres to the motor end-plates are thinner than those in 
the hedgehog, and show in a very marked degree loss of their myelin 
while still at some distance from their termination. This at once 
makes the question of non-myelinated fibres, which are of other nature 
than these de-myelinated somatic fibres, much more difficult than in the 
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hedgehog, as non-myelinated fibres may either be fibres which are non- 
myelinated throughout their whole course, or simply fibres which have 
lost their myelin. ‘The Rouget end-plate seen in this muscle is 
extremely simple in form, as the terminal ramifications are short and 
thick and do not branch much. In spite of the difficulty of non- 
myelinated fibres, I have, I think, seen in this muscle extremely fine 
accessory fibres accompanying a medullated nerve-fibre. Their endings 


I have been unable to find as yet. 

One point is of interest in relation to the muscle-spindles, which are 
very complex. A very large number of medullated nerve-fibres is found 
entering the capsule, the largest of which form the annulo-spiral ending 
and the smaller, passing out to the extremities of the spindle, form 
little end-plates on the spindle muscle-fibres. The fibres forming the 
end-plates are definitely myelinated. 


[V.—DIscwussIoNn. 


The question of the plurisegmental motor innervation of the 
individual muscle-fibres does not require any furthur discussion. The 
existence of such a condition in the panniculus carnosus of the hedgehog 
has already been described, and the points in which it differs from the 
demonstration given by Agduhr for limb muscles have been noted. 
What physiological significance can be placed upon it, it is difficult as 
yet to suggest. It may, however, like the sympathetic innervation, be 
related to the tonic activities of the striated muscle. For example, it 
may in some way have to do with the inhibition of tone in reciprocal 
innervation. 

The existence of two types of muscle-fibre throughout vertebrate 
muscle is a much more difficult question, and one which is of special 
significance in view of Hunter’s hypothesis that the two types receive 
entirely different innervations and perform entirely different functions. 
If such a condition as Hunter suggested be present, then it seems to 
me a matter of great importance to determine whether the two types 
remain entirely discrete, or whether the two types are the extreme 
conditions and all or many intermediate forms exist between them. If 
the former condition holds good then it is easily conceived how such 
an innervation of one type by somatic fibres and of the other type by 
sympathetic fibres could exist. But if the latter condition be present 
then it seems to me extremely difficult to know how such an innerva- 
tion could be postulated for the intermediate muscle-fibres between the 
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two extreme conditions. Such a muscle-fibre would have a function 
intermediate between the functions of the extreme fibres. How such 
fibres would be innervated it is difficult to imagine, since Hunter denied 
the possibility of a double innervation of the individual fibre. 

Now this second condition does, I think, occur in vertebrate muscle. 
All stages between the clear sarcoplasm-poor fibre and the dull sarco- 
plasm-rich fibre are found in those muscles in which any variation exists. 
Such a condition is found in the panniculus carnosus. Griitzner’s 
figures of the guinea-pig muscle also suggest this, and Cilimbaris stated 
it definitely for the extrinsic muscles of the eye. Even Kulchitsky’s 
figures, on which much of Hunter’s hypothesis rests, do not show a 
clear distinction into two types of muscle-fibre, and it is significant 
that Kulchitsky himself did not attempt to make this distinction and 
made no reference to the size or structure of the muscle-fibres on 
which his type I and type II endings terminated. In the frog muscle, 
where the differences are easily demonstrated in a fresh preparation 
examined in saline, it is not possible always to say to which type the 
largest of the thin fibres and smaller of thick fibres belong. In connec- 
tion with another investigation I made cross-sections of the sartorius 
muscle of the frog and measured the cross-sectional area of each 
individual muscle-fibre under the same magnification. It is interesting 
that nearly all the thin fibres were found on the outer surface of the 
muscle and all the broad fibres beneath this outer layer. Over a 
number of such experiments it is not possible, in a graph of the 
frequency of fibres in small groups of nearly similar areas, to state 
definitely that there are two types of fibres. In the frog’s sartorius no 
definite separation of two types can be made by size, as a gradual 
transition is found from the smallest to the largest fibres. 

In view of these histological considerations it seems to me unlikely 
that the two distinct types of fibre do exist in vertebrate muscle, and 
on this account that the condition of double innervation as regards a 
whole muscle only, and a single innervation of the individual fibres, is 


improbable. Some definite evidence of this last statement has been 
found. My preparations do demonstrate that the fibres showing marked 
longitudinal striation and more sarcoplasm are innervated by myelinated 
nerves and contain endings like those of the mass of fibres which do 
not show this well-marked longitudinal striation. I do not think that 


in the panniculus carnosus there are any muscle-fibres which do not have 
a medullated nerve-fibre ending upon them. According to Hunter's 
theory the thin muscle-fibres of the frog should be supplied only by the 
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sympathetic fibres, and as this point is easily established in a number 
of preparations of frog muscles by the gold chloride method, I have 
made observations on it. They show conclusively that, neglecting for 
the moment the sympathetic endings, the thin muscle-fibres do have 
medullated nerve-fibres ending upon them in small typical end-bushes 
of Kiihne. If a double innervation of frog’s muscle exists it must be 
a double innervation of each individual fibre and not only of the muscle 
as a whole. 

From the functional point of view it is extremely difficult to 
maintain Hunter’s theory as applied to frog’s muscle. The two types 
of frog muscle-fibre have long been known to show two different 
types of contraction, the large clear fibres giving a quick response and 
the thin dull fibres a slow sustained response. Hunter maintained, 
however, that the thin fibres were concerned with plastic tonus, and 
were innervated solely by sympathetic fibres. Now, since stimulation 
of the sympathetic, excluding the work of Orbeli to be described later, 
has always given negative results, and since the two types of contraction 
have been obtained by stimulation of motor-nerves, it may, I think, 
be presumed that these two types of contraction have been due to 
stimulation of somatic fibres. The fact that these two types of con- 
traction have been obtained seems to me to furnish further evidence 
that the thin fibres have been activated by stimulation of the somatic 
fibres, and must therefore be innervated by the medullated fibres, 
whether they have an additional nerve supply through the sympathetic 
or not. From experiments which are now being conducted I think it 
may be said definitely that evidence of the two types of muscular 
action in a frog’s gastrocnemius may be seen after removal of the 
sympathetic chain on one side and stimulation of the ninth and 
tenth spinal roots above the junction of their respective rami com- 
municantes, thus excluding any possibility of one type of muscle-fibre 
being innervated solely by the sympathetic. 

The work of Kulchitsky is certainly in favour of one set of 
muscle-fibres being innervated by the sympathetic only. It must, how- 
ever, be remembered that Kulchitsky’s work was done on snake-muscle, 
which may differ from mammalian muscle. No degeneration experi- 
ments have yet been undertaken on snake-muscle to prove the 
sympathetic nature of the fibres and endings of his type II. 

All the other histological evidence, excluding the unpublished work 
of Hunter and Latham referred to above, is in favour of the double 
innervation, somatic and sympathetic, of individual muscle-fibres, and 
my own work certainly supports this theory. 
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The work of Kahn on the clasping muscles of the frog adds further 
evidence in favour of the second muscle-fibre having a double innerva- 
tion. In the season of increased tone, if this function were performed 
by one type of fibre one would expect an increase in their number, 
that is, an increase in the number of thin granular fibres. On the 
contrary he found that the number of fibres was not increased, but 
that the sarcoplasm of the broad clear fibres was increased in amount. 

The nature of the fine non-myelinated fibres, which I have called 
accessory fibres, must now be considered. It is interesting to recall 
the six points made by Boeke [9], in which he compared his accessory 
fibres stained by silver methods with the fine fibres described by 
Perroncito and Gemelli. This is necessary to see if the term 
‘accessory’ may be fitly applied to the non-myelinated fibres I have 
described in my gold chloride preparations. 

(1) The fibres described here are like Boeke’s in that they are often 
single when accompanying a medullated fibre. Fig. 15 is the only 
noteworthy exception to this, and it shows a single fibre breaking up 
into a number of branches while accompanying a medullated fibre to a 
spindle muscle-fibre. 

(2) The fibres are shown to be definitely outside the sheath of 
Henle at certain points, and resemble Boeke’s in this respect. 

(3) Very small end-plates at a distance from the motor end-plates are 
formed from the fibres, as Boeke showed. 

(4) The great uniformity of Boeke’s accessory end-loops cannot be 
borne out by my preparations, 

(5) The granular sole-plates of the accessory end-plates of these 
fibres have been described, like those of Boeke. 

(6) No degeneration experiments have been made. 

I think it may be concluded, in spite of (4), that these fibres are 
identical with those of Boeke, and I have used the term “ 
with this meaning. 

The accessory fibres which pass into the same granular sole-plate as 
does the medullated fibre cannot be traced out completely after they 
enter the plate, and so further comparison with the fibres described by 
Perroncito and Gemelli is not possible. 

Boeke, on the basis mainly of his degeneration experiments where 
the accessory fibres were found intact after the section and degeneration 
of all the somatic fibres, concluded that the accessory fibres were of 


accessory "’ 


sympathetic origin and maintained that the individual muscle-fibre 
received normally a somatic and sympathetic innervation. 
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I have made no such degeneration experiments, but I think that 
some conclusions as to the nature of these fibres may be drawn from my 
preparations. That they are not branches of the medullated fibres, at 
least in the muscle, is I think certain, since I found in the intramuscular 
nerve-bundles and nerves about to enter the muscle a large number of 
accessory fibres. I hold that they continue down with the medullated 
fibres and are the same fibres which are seen in the teased specimens of 
the muscle. The finding of these fine non-myelinated fibres in the 
muscular nerve is in harmony with the results of Sherrington and 
Ranson, but not with those of Langley. My only criticism of Langley’s 
work, as I have suggested already, is that I am not convinced that the 
osmic acid method would show in cross-section or in teased preparations 
such fine fibres as it is possible to demonstrate with the gold chloride 
method, especially if these fine fibres are distributed throughout the 
whole nerve and not confined to one part where they could be seen 


en masse. 

The plexus formation of the accessory fibres is of importance in 
attempting to come to conclusions as to their nature. This plexus 
formation is totally unlike the somatic fibres and is characteristic of a 
nervous system of a lower type, the vegetative or sympathetic nervous 


system as it is seen in vertebrates. 

The different terminations of branches of this accessory nerve plexus 
also throw light on the nature of the fibres forming it. I have been 
unable to find any difference between the accessory fibres which pass to 
the capillary wall and those which end on the striated muscle-fibre, and 
am of opinion that the two types of fibre have exactly the same origin. 
This seems to me to be demonstrated by such a fortunate specimen as 
fig. 9, where one branch of the same fibre supplies a capillary wall and 
the other a muscle-fibre. I have also been unable to find any difference 
between the accessory fibres and those definitely sympathetic non- 
myelinated fibres which pass down to the capillaries from the arterioles. 

For these reasons, then, I believe that the accessory fibres which I 
have demonstrated and described belong to the sympathetic nervous 
system. 

Before considering what function these sympathetic fibres may 
perform, two points are of interest in consideration of their extensive 
connections with the capillary wall. Besides the usual route of nerve 
supply to the capillary wall, that is simply an extension of the plexus 
of pale nerve-fibres found round the arteriole, I have described in 
muscles a second route, where the non-medullated fibres pass direct 
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to the capillary wall from the medullated nerve-bundles near the Rouget 
plate-endings. 

Whether these two routes are of physiological significance or not it 
is difficult to say, but it is not improbable that they may represent the 
different routes of supply of the two sets of vasomotor nerves, the vaso- 
constrictors and vaso-dilator fibres. If such be the case it seems more 
likely that those fibres which pass directly from the medullated fibre 
bundles are of vaso-dilator function, and come into action with the 
accompanying spinal motor nerve-fibres. While these suggestions 
are interesting, they are entirely unsupported by any evidence at the 
moment. 

The other point of interest in relation to the extensive connections 
of the accessory system with the capillaries, is that whatever function it 
may have in the striated muscle-fibre, this function must be intimately 
associated with the vasomotor mechanism. It seems to be difficult to 
believe that those fibres which pass to the striated muscle could be set 
in action without the fibres to the capillaries being involved at the 
same time, and therefore variations in the action of the fibres to 
the striated muscle will be accompanied by changes in the vasomotor 
mechanism. 


Two possible functions have been suggested for the sympathetic 
innervation of striated muscle; it may fulfil either a trophic or a tonic 
function. In 1920, Adrian [1] in a short review of this subject stated : 
‘*At present we have only one reason for supposing they have any 
function at all, and that is the fact that they exist.’ This followed 
upon a review of the very contradictory and inconclusive experimental 
results which had been recorded by a number of workers. 

It is worth while to note here that we are dealing with a nerve net, 
and that we cannot expect to get such a clear picture from our experi- 
mental work as we have grown to expect in relation to our work on 
the synaptic system. In experiments in which the sympathetic rami 
have been cut or the ganglia removed it is very difficult to know just 
how much degeneration will take place in a nerve-net of this kind. It 
seems certain that the degeneration will occur very much more slowly 
than in the synaptic system if, indeed, much degeneration does occur. 


It is probable that the nerve-net may be kept intact at least in part by 


connections which pass to it by way of the blood-vessels. This may 
account for a number of the failures to get variations in the tone of 
the muscle after these operations if, indeed, the sympathetic innervation 
has a tonic function. 
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Orbeli (1923) [42] alone, on the basis of some work by Ginezinsky, 
has recently put forward evidence that stimulation of the sympathetic 
has any effect on striated muscle. In the frog he found that sympathetic 
stimulation had no added effect during stimulation of the somatic roots 
to the gastrocnemius while the muscle was responding well, but that 
after the muscle began to show signs of fatigue sympathetic stimulation 
gave a definite increase in the response obtained on stimulation of these 
somatic roots. After a considerable latency the muscle showed in- 
creased force, amplitude and rapidity of development of contraction, 
and the after-effect was prolonged. He therefore thought the action 
of the sympathetic on skeletal muscle was analogous to the action of 
the sympathetic on cardiac muscle. As all the vital activities of 
skeletal muscle are stimulated by the sympathetic, he said the influence 
of the sympathetic corresponded to that of Pavlov’s trophic nerves. 

In the experiments Of Bottazzi [15], already described, this idea of 
a trophic function of these sympathetic fibres was not borne out, as 
after removal of the somatic influence to the diaphragm the muscle 
degenerated. It is difficult to judge the value of experiments of this 
or similar nature, for while the sympathetic may have a trophic function, 
it does not seem to me reasonable to suppose that it will be of such 
strength as to keep a completely inactive muscle in normal condition. 

Sherrington’s (1894) [55] observation of muscular nerves in an 
amyelous foetus is interesting from this point of view, and also appears 
to have some relation to a point to be considered later, the persistence 
of the normal appearance in the spindle muscle-fibres after complete 
denervation. In this foetus he found that all the muscular nerves were 
present, although there was not a single motor spinal nerve-root in any 
segment of the cord. All the somatic fibres present in the so-called 
motor-nerves to muscle were sensory. It is of great interest that the 
striated muscles were normally developed. The trophic influence of 
the anterior horns must therefore, Sherrington concluded, be in abeyance 
during feetal life. He also suggested that the muscular degeneration 
associated in later life with the section of muscular nerves was due less 
to a lack of normal trophic influence than to the enforced inactivity of 
muscles which are accustomed to be active. It is also worthy of note 
that the sympathetic system was found fully developed and normal. 

It may, I think, therefore be considered quite unlikely that, if the 
sympathetic has a trophic influence on striated muscle, it will be able to 
exert this influence if the muscle is completely inactive. From the 
physiology of the peripheral nerve-nets in lower animals (Parker, 1920) 
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[44] it seems clear that the stimulus to which a nerve-net is most 
adapted is a mechanical stimulus. It is therefore most probable that 
whatever the function of the sympathetic in striated muscle, trophic or 
tonic, it will be influenced mainly by the mechanical stimulus of the 
movements of the muscle-fibres brought about by the somatic nerve- 
fibres. It is for this reason, I think, that stimulation of the sympathetic 
alone has so consistently given negative results. 

Whether the sympathetic subserves a trophic function in the striated 
muscle or not must in view of these considerations be left an open 
question at present. 

The question of the tonic function of the sympathetic in striated 
muscle is also extremely difficult. It is necessary to consider some of 
the work that has been put forward to explain its exact mode of action. 

Bottazzi (1897) [14] put forward a theory the simplicity of which 
is attractive. He held that the sarcoplasm of the fibre was responsible 
for tone, while the striped apparatus or sarcostyles were responsible 
for rapid movements. This theory was based on observations of the 
rhythmic changes of tone in the heart of the tortoise, where a very 
large amount of sarcoplasm was found in one layer of the cardiac 
muscle cells, and on the supposition that the more specialized move- 
ment would be performed by the specialized apparatus—the sarcostyles— 
and the primitive type of slow movement or tonic contraction would be 
performed by the unspecialized more primitive sarcoplasm. 

This theory is supported by the two different forms of contraction 
seen in the different types of frog muscle, the fibre showing more 
sarcoplasm having a longer period of contraction. But the difficulty in 
this case is that there seems to be some confusion between the normal 
tone or tonus of the muscle and a prolonged contraction of these thin 
fibres, what is sometimes described as a “tonic”’ contraction. It must 
be proved that the two mechanisms are identical before this piece of 
evidence really supports Bottazzi’s theory. 

Kahn’s work, already referred to, seems good evidence in favour of 
Bottazzi’s theory. He used a natural seasonal increase in tone and 
found an anatomical difference in the broad fibres, which showed a 
marked increase of theirsarcoplasm. He did not state that the increased 
amount of this substance was directly responsible for the increase in 
tone, but that it was definitely associated with it was clear. 

Bayliss (1924) [5] stated “‘ whether the one function is performed 
by the sarcoplasm, as held by Bottazzi, and the other by the fibrils 
remains undecided. It is not easy to understand how two fibres of 
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different function could coalesce with retention by the combined cell of 
both kinds of innervation, although the case of the salivary glands 
suggests the possibility.” It appears to me that there has been no 
coalescence of the two fibres of different function, as both types of fibre 
show both sarcoplasm and sarcostyles, though in different degrees, and 
it is rather a case of the sarcostyles developing to different degrees from 
the more primitive sarcoplasm of the individual fibre. 

Mosso (1904) [41] stated that he was unable to accept Bottazzi’s 
theory because he did not find that the oscillations of tone were most 
marked in those fibres which showed a large amount of sarcoplasm, nor 
were they least marked where the sarcoplasm was only present in a very 
small degree. He therefore proposed a new theory, based on Perroncito’s 
work, that the tone of the muscle was related to the double innervation 
of the single muscle-fibre by somatic and sympathetic fibres. He con- 
cluded this paper thus: “ There is probably in the structure of the 
muscle one contractile substance which reacts to two excitations, of 
which the one comes from the myelinated fibres and the other from the 
fibres of the sympathetic.”’ 

On the firmer histological basis of Boeke’s work, De Boer (1915) [13 
put forward the view that the sarcoplasm innervated by the sympathetic 
fibres had a tonic function, while the sarcostyles innervated by the 
somatic fibres were responsible for the rapid movements. It is of 
interest here that on both the somatic and sympathetic nerve-endings 
Boeke described his periterminal network, which he thought was con- 
nected to the anisotropous substance of the sarcostyles. He does not 
state definitely whether the periterminal network of the accessory fibre 
was also connected with the sarcostyles; if it, like the medullated fibre’s 
network, is connected with the sarcostyles, then De Boer’s theory 
cannot be accepted. 

Langelaan (1915) [38] and (1922) [39] carried De Boer’s theory 
farther. He distinguished two different components of muscle tone, 
the plastic and the contractile factors. The plasticity of the muscle he 
described as that property by which any change in the length of the 
muscle caused by external forces was rendered permanent to some 
degree. The greater the degree of plasticity, the greater is the perma- 
nent deformation. It is evident that such a permanent deformation 
will not be accompanied by a continued expenditure of energy nor by 
electrical phenomena, or at least the expenditure of energy will be 
extremely small. This plasticity he thought was intimately associated 
with the trophic state of the muscle, and the degree of plasticity may 
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prove to be a measure of the trophic state. Plastic tonus is a reflex 
tonus which shows itself after movements and not during them. It is 
concerned with attitude and posture. Contractile tonus, on the other 
hand, is the slight degree of contraction in the muscle, and is, he 
maintained, the component which Brondgeest in his classical experi- 
ment demonstrated. ‘This, unlike the plastic tonus, is not a state of 
equilibrium and is accompanied by an expenditure of free energy and 
by rhythmic electrical phenomena. It is associated with the production 
of heat in muscle. 

From Boeke’s demonstration of the sympathetic fibres in muscle, 
Langelaan put forward the theory that the plastic component of muscle- 
tonus is the property of the sarcoplasm and is under the control of the 
sympathetic system, and the contractile component of muscle-tonus is 
the property of the striped apparatus of the fibre and is under the 
control of the cerebrospinal system. 

This hypothesis of Langelaan includes and extends the theories of 
both Bottazzi and De Boer, and in many ways clears up the conflicting 
results of other workers. Mosso’s criticism of Bottazzi is now of little 
value, as he was evidently referring to contractile tonus and not to 
plastic tonus. ‘That the sympathetic alone is concerned with muscle 
tone, as De Boer held, may be abandoned in view of much of the 
experimental work and of Langelaan’s more complete exposition. The 
negative results of many of the workers, after extirpation of the sym- 
pathetic or section of the rami communicantes, is explained by the fact 
that they were attempting to get changes in thecontractile component 
and not in the plastic compound of the muscle-tonus. It also fits in 
with the view that the nerve-net is more adapted to a mechanical 
stimulus. While there are points in this hypothesis which are not yet 
clear, it appears to me to fit the known facts best. Langelaan’s hypo- 
thesis is also correlated to Orbeli’s work, in that Langelaan suggested 
that the degree of plasticity may be an index of the trophic state of 
the muscle. 

Hunter (1925) [33] is in agreement with Langelaan in the distinc- 
tion of the two components of muscle-tonus, but differs in this that he, 
on the basis of the idea of Griitzner (1887) [30] of the “ inner support ”’ 
of the red fibres in a mixed muscle, attributed the two components to 
different muscle-fibres. The reasons for not accepting this hypothesis 
have already been given, the unproved existence of the two distinct 
types of muscle-fibre in all vertebrate striped muscle, and the certain 
innervation of the sarcoplasm-rich fibres in some muscles by medullated 
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fibres. Hunter and Royle, however, did clearly demonstrate the loss 
of plasticity in the muscle after removal of the sympathetic influence. 
They found that the longer the period after sympathetic ramisectomy 
the clearer was this demonstration, which may have some relation to 
the length of time required to get marked degeneration in the nerve-net 
of the non-myelinated fibres in the muscle. 

The action of adrenalin has as yet given little aid in the solution of 
this problem. It cannot be expected, in view of Langelaan’s hypothesis, 
that it should show any direct action on muscle. All that might be 
expected is that it would increase the plasticity of the muscle after 
stimulation. There is some slight evidence in favour of this. 

The reflex origin of muscle-tonus is undoubted, and it must, I think, 
be in some way related to the neuro-muscular spindles. The exact 
function of these structures has not yet been ascertained ; it has been 
suggested that they are related to proprioceptive sensation. I think it 
may be taken that they are supplied with three types of nerve-fibre : the 
main sensory fibres, the motor-fibres and the accessory fibres, and any 
attempt to interpret their function must take cognizance of these three 
sets of fibres. My results do not confirm Kulchitsky’s observations in 
the snake muscle, where he found the end-plate of the spindle muscle- 
fibres to be formed from sympathetic fibres. In the hedgehog and in 
man I have found the end-plates formed from medullated fibres. 
Sherrington [55] revealed the fact that complete denervation does not 
cause degeneration of the spindle muscle-fibres. In view of his sugges- 
tion, following his description of the amyelous foetus, that it was only 
after the muscle had been active, that is after birth, that section of 
the muscular nerve caused degeneration, and that this was probably due 
to inactivity, it seems possible that the spindle muscle-fibres have never 
been accustomed to movements like those of the ordinary muscle-fibres, 
and so they do not degenerate upon section of the nerve. Sherrington| 55] 
was of opinion that these muscle-fibres responded to a mechanical 
stimulus only, as he maintained they had no motor nerve-fibres. This 
mechanical stimulus was the movement of the mass of fibres surround- 
ing them. I do, however, believe that they have motor-fibres and that 
they respond to nervous and not mechanical stimuli, which may be of 
reflex origin. In those muscles which do not show any marked variation 
on their ordinary muscle-fibres, the spindle muscle-fibres are certainly as 
a rule clearly distinct from the ordinary muscle-fibres, being thinner 
and richer in sarcoplasm. These, I think, represent the thin fibres of 
the frog muscles, where the thin spindle muscle-fibre lies free in the 
mass of the muscle and has little or no capsule. 
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Sherrington [55] described an interesting experiment which he 
thought threw some light on the action of these spindle muscle-fibres. 
Forty-two days after section of the ventral roots the muscles retained 
some degree of response to faradic stimulation. Fairly strong stimu- 
lations applied to the nerve of such a muscle caused no muscular 
response, but very strong stimulation resulted in a peculiar slow, 
feeble, steady contraction lasting for five seconds after stimulation 
ceased. Crushing of the nerve peripheral to the point of stimulation 
stopped the phenomenon, and it was not obtained after excising the 
spinal ganglion. It had nothing to do with regeneration of the nerve- 
fibres. He added, “‘It is tempting to relate it to the intrafusal muscle- 
fibres.”” These muscle-fibres would certainly have normal appearances, 
and it may be that this contraction was a reflex through the spinal 
ganglion and passing out by the sympathetic fibres. It is difficult to 
see how this contraction, if it is due to the contraction of the spindle 
muscle-fibres, could be set up by a mechanical stimulus, as the ordinary 
muscle-fibres would be degenerated and could not react sufficiently to 
give a mechanical stimulus to the spindle. 

The annulo-spiral ending of the spindle seems specially adapted to 
receive impressions of varying cross-sectional area of these spindle 
muscle-fibres, such as would result from a wave of contraction in these 
fibres. The afferent impulses set up in this way may be either of 
proprioceptive nature, or be the afferent impulses of a tonic reflex arc. 
The thick capsule round the region of the annulo-spiral endings and 
the periaxial lymph space seem to be special adaptations to ensure that 
the sensory fibres will only be acted upon by the action of the spindle 
muscle-fibres, and not by the pressure of the contraction of the ordinary 
muscle-fibres. 

I wish to acknowledge my indebtedness to Professor Camillo Golgi, 
in whose laboratory I learned the method used in this research, and 
who by his kind and helpful attention made it possible for me to 
attempt this work. I have also to thank Professor D. Noél Paton and 
the Staff of the Institute of Physiology for their unceasing interest, 
which has been an inspiration to me through the whole period of my 
work. 
V.—CONCLUSIONS. 
(1) The muscle-fibres of the panniculus carnosus of the hedgehog 


show varying degrees of longitudinal striation and varying contents of 
sarcoplasm, but cannot be divided into two definite classes. 
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(2) The nerves entering the muscle contain a large number of very 
fine non-myelinated nerve-fibres. 

(3) The motor end-plates show great variations in size, form and 
shape, but cannot be classed into two definite types. 

(4) The individual muscle-fibres are plurisegmentally innervated, 
in a slightly different manner from that which Agduhr demonstrated 
in limb muscles. 

(5) All the muscle-fibres, whether rich or poor in sarcoplasm, 
appear to be innervated in exactly the same way. It is certain that 
the sarcoplasm-rich fibres are innervated by medullated nerves. 

(6) The presence of Boeke’s accessory fibres and endings can be 
confirmed. They appear to be a system of fibres completely separate 
from the somatic fibres and are apparently of sympathetic origin. 

(7) The accessory fibres have been seen to end in some cases on a 
muscle-fibre which is also supplied by a medullated fibre. 

(8) The accessory fibres show connections with the capillary wall, 
and two different routes of nerve supply to the capillaries are demon- 
strated, one by extension from the arteriole and the other direct by 
way of the motor nerve-fibres. 

(9) The plate-endings on the spindle muscle-fibres are formed from 
definitely medullated nerve-fibres. 

(10) In frog muscle the thin and thick muscle-fibres are both sup- 
plied by medullated motor nerve-fibres ; in many cases one medullated 
fibre supplies both types of muscle-fibre. 

(11) Extremely little variation exists in the size and structure of 
the muscle-fibres of human pectoral muscles. 

(12) Accessory fibres are present in the frog, lizard, and human 
muscle. 

(13) ‘The plate-like endings on the human muscle-spindles are 


formed from medullated fibres. 


VI.—DESCRIPTION OF FIGURES. 


The drawings have been made with a camera lucida, as photographs 
are of very little value on account of the varying levels of the structures 
in teased preparations. The figures in the drawings refer only to the 


number of the slide. 
Figs. 1 to 16 are from the panniculus carnosus of hedgehog. 
Fic. 1.—A dissociated muscle-fibre of the panniculus carnosus, showing two motor end- 
plates on the same muscle-fibre along distance apart. An example of the plurisegmental 
innervation of an individual fibre. 
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Fic. 2.—A small intramuscular nerve-bundle showing the presence of accessory fibres 
at some distance from the terminations of the medullated fibres of this bundle. 


Fic. 3.—Three motor end-plates of different sizes. The two small plates shown in profile 
receive fibres which are non-medullated near the plates, but are medullated further up the 
small nerve-bundle. 


Fic. 4.—Two motor end-plates of different size formed from branches of the same 
medullated fibre. Small plate in profile, 


Fic, 5.—Three motor end-plates, the lowest of which shows a fine non-myelinated fibre 
arising just proximal to the entrance of its nerve-fibre into the muscle. The nature of this 
fibre is difficult to determine ; its accessory nature may be hidden, or it may be simply a 


collateral. 


Fic. 6.—A motor end-plate, showing an ultra-terminal fibre which passes out from the 
terminal ramifications to the right, runs downwards and rises to reach a different level and 
then passes to the left. It forms a small end-arborization which lies either on the opposite 


side of the small muscle-fibre or on another fibre. 


Fia. 7.—A very fine non-myelinated fibre whose nature is not definitely seen. The ending 
probably lies between the muscle-fibres. The medullated fibre passes upwards to form a 


motor-plate which is obscured by very deep staining. 


Fic. 8.—Two medullated fibres passing upwards to form motor end-plates. Between 
them and lying outside the sheath of Henle, which is shaded lies an accessory fibre, which 
ends by passing to the motor-plate on the right. (Accessory fibre of first type.) Capillaries— 
stippled. 


Fic. 9.—An accessory fibre of the second type which passes across from the nerve-bundle 
on the right to form an accessory plate, seen in profile on a large muscle-fibre. The thickening 
just as it leaves the nerve-bundle is a deeply-stained nucleus. The accessory fibre divides 
into very fine branches which form the ending. One of the fine branches passes downwards 
to become intimately connected with the wall of a capillary. Capillaries—stippled. (The 
horizontal capillary passes over the end-plate and is not drawn in full to give a clearer picture.) 


Fic. 10.—Plexus of accessory fibres. One of these ends in a small plate at the foot of the 


drawing. This fibre lies at a different level from the one which it crosses over. 


Fic. 11.—Plexus of accessory fibres. The exact termination of many of the plexus branches 
is not clear, but one can be seen forming an end-plate on a narrow muscle-fibre, which on 
being traced out is found to be the tapering end ofa large fibre. Another branch may be seen 


passing to a capillary. Capillaries—stippled. 
Fic. 12.—Plexus of accessory fibres. 


Fic. 13.—An accessory fibre passes down with a thick medullated fibre. It appears to 


branch and some of the branches appear to end round or in the motor-plates, while others 
pass definitely to capillary walls. Capillaries—half tone. 

Fic. 14.—An accessory fibre of the third type which passes to a capillary wall. The course 
of the accessory fibre over the plate is obscured. It runs close to but does not, I think, supply 
the capillary on the left, but it certainly supplies the capillary on the right. Capillaries 
stippled. 


Fic. 15.—A thick medullated fibre from a motor nerve branch, which passes to form a 


plate on a spindle muscle-fibre. It is accompanied by an accessory fibre which divides up 
into a large number of fibres which branch and reunite among themselves. These accessory 
fibres cannot, unfortunately, be followed in this preparation ; some of them are torn. Motor 


end-plates below faintly shaded. 


DRAIN—VOL. XLVIL. 
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Fig. 16.—One end of a spindle muscle-fibre. The cross-striping is diagrammatic. A 


medullated fibre is seen to end in three plates on the muscle-fibre. Accompanying it is an 
accessory fibre of the third type passing to end in relation with capillaries. Capillaries 
stippled. 

Fic. 17.—Frog muscle. One thick muscle-fibre and two very thin muscle-fibres supplied 
by one medullated nerve-fibre. All three endings are typical Kiihne endings, those of the 
smaller muscle-fibres being in no way different, except that they are smaller. 
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Myelogenetisch-anatomische Untersuchungen iiber den Zentralen Abschnitt 
der Sehleitung. Von R. A. PFetrer. Berlin: J. Springer. 1925. 
Price 18 marks. 


Of no other region of the brain perhaps has our knowledge of the anatomy, 
physiology and functional arrangements increased so much within recent times 
as of the visual system. Thanks mainly to clinical and pathological investiga- 
tions we have within the last few years learned accurately the cortical extent 
of the perceptive visual area, and even the local representation within it to 
different zones of the retine. 

The exact anatomy of the optic radiations, that is of the corticopetal visual 
pathway, has still remained, however, a matter of dispute. It is to this sub- 
ject that Pfeifer’s monograph is devoted. He has relied almost wholly on 
the myelinization method of Flechsig, arguing that it is in the first place the 
most natural means of examination, and in the second that as it gives positive 
rather than negative pictures observations made by it can be more easily and 
safely interpreted. He has also made use of an ingenious method of construct- 
ing models, numerous photographs of which illustrate his book and facilitate 
the interpretation of his descriptions. 

Undoubtedly the most valuable part of his work is the detailed description 
of the anatomy and relations of the fibres of the radiations. Some of his con- 
clusions may require control, but there can be little doubt that they are on the 
whole correct. The considerable variations which he has found in their course 
and arrangement may be important in explaining certain clinical observations. 
On the other hand his attempt to localize different categories of fibres within 
the radiations is less convincing; in some instances it is difficult to follow his 
arguments, and in others his views run counter to available evidence. He 
describes, for instance, a bundle of macular fibres which leaves the radiations 
of one side, crosses in the corpus callosum and terminates in the opposite visual 
area. The work described here is, however, an important contribution to our 
knowledge and will also serve to stimulate investigations into points which are 
not yet settled. 


Kompendium der Topischen Gehirn-und Ruckenmarksdiagnostik. Von 
Ropert Brine. 6te Auflage. S. 242. Berlin and Wien: Urban 
and Schwarzenberg. 1925. Price 9.90 marks. 


The special feature of the sixth edition of Bing’s well-known book is the 
greater wealth of illustrations that it contains; some are wholly new, others 
are old figures which have been redrawn or modified, The use of colours in 
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many of the figures makes them more easily intelligible to those not intimately 
acquainted with the anatomy of the central nervous system. 

The value of this book to students of organic neurology is already fully 
recognized; the improvements which it has undergone in this edition will 


increase its usefulness. 


Sciatica, or Myopathia e Labore of the Posterior Region of the Leg. 
By JoHANNES HELWeEG. Pp. 216. Copenhagen: Arnold Busck. 


London: Lewis and Co. 1925. 


is now 


»¢ 


This monograph, which was published in Danish a few years ago, 
translated into English. The author’s aim is to prove that the usually accepted 
view that sciatica is a neuralgia or neuritis of the sciatic nerve is incorrect, 
und to demonstrate that the symptoms are due to a primary affection of the 
muscles. His argument is that long continued use of any muscle, or a sudden 
unwonted strain upon it, leads to pathological fatigue, that is to the accumu- 
lation within the muscle of fatigue products to such an extent that they are 
not removed after a normal period of rest and consequently produce patho- 
logical changes in the muscle fibres. It is to this permanent affection of the 
muscles that the author applies the term myopathia e labore. It is true he 
admits that sciatica is often associated with lesions in the joints, bones oF 
other surrounding tissues, but these are only predisposing factors in so far as 
they involve extra strain upon the muscles of the buttocks and thighs. 

In support of this thesis the author states that areas of increased consist- 
ence and tenderness can be always found by proper palpation in the muscles of 
the limb, and it is to these changes in the muscles that he attributes Valleix’s 
tender points, Laségue’s sign, wasting, absence of ankle-jerk and changes in 
the electrical reactions, when these are present. Disturbances in sensation 
may be due to compression of the sensory nerves by the local hardenings of the 
muscles. The theory is expanded to include all relevant phenomena and to 


explain many symptoms that it obviously accounts for. 


Mind and Medicine. By T. W. Satmon. New York: Columbia 
University Press. London: H. Milford. 1924. Price 5s. 


This short address emphasizes the unsatisfactory attitude of medicine 
towards the study of the mind and of mental disorders, and the necessity of 
educating the medical student in modern psychology and psychopathology. 

The present neglect of psychological factors in disease is due to an assumed 
parallelism between mind and body, and the attitude which regards it as 
unscientific to study psychological phenomena until they can be described 
in terms of anatomy, physiology, and biochemistry. The author in this 
interesting and suggestive lecture pleads that the science of medicine should 


extend to mental abnormalities equally as it does to physical disorders, 
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The Emotions, Morality and the Brain. By C. von Monakow. English 
Translation by Barnes and Jelliffe. Nervous and Mental Disease, 
Monograph Series. No. 39. Washington and New York. 1925. 
Price 2 dollars. 

Many English readers are already acquainted with von Monakow’s 
psychological essays and the general tend of his views which are, as might 
he expected, determined or at least influenced by his lifelong work on the 
anatomy, physiology, and pathology of the nervous system. The monograph 
of which this is the English translation is one of the most important of the 
psychological articles which he has written; its chief interest, perhaps, is the 
author's conception of the material components and physical basis of the 
emotions, and his discussion of their pathology. The chapter on anatomical 
structure and physiological functions is a striking review by one who has been 
primarily an anatomist and physiologist of the mode of action of the variously 
combined elements of the nervous system. 

The translators confess that the “tendency of the English language to 
simplify and almost to emasculate the psychical tension of German thought 
has been here resisted,’ and that they have left the matter in its apparently 
confused form is only too true. Von Monakow’s German style is undoubtedly 
complicated, but this only makes more urgent the duty of expressing his ideas 
in another language in an easily comprehensible form. 

The book consequently requires careful study and the expenditure of 
considerable time, but it well repays both. 


Studies in Psychiatry. Vol. Il. By Members of the New York 
Psychiatrical Society. Pp. 233. Nervous and Mental Disease 
Publishing Co., Washington and New York. London: H. Milord. 
1925. 

The New York Psychiatrical Society has previously published another 
volume of Studies, which is now out of print. This volume contains a 
selection of papers read at different times, many of which are in themselves 
valuable contributions to psychiatry, while others will serve mainly to 
illustrate the lines of development favoured by the authors. A few titles will 
serve to indicate the contents of the volume, as Macfie Campbell’s paper 
“On the Mechanism of Convulsive Disorders and Allied Symptoms,” and 
“On the Mechanism of Some Cases of Manic-depressive Excitement” ; 
Knapp, “On the Treatment of Mental Disorders’’; Adolf Meyer, “ On 
Objective Psychology or Psychobiology’’; and Lambert, ~On the Clinical 
and Anatomical Features of Alzheimer’s Disease.” 


The Development of Psycho-analysis. By S. FERENczI and Orto Rank. 
English Translation. Pp. 68. New York and Washington Pub- 


lishing Co. 1925. 
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Psycho-analysis and the Psychic Disorders of General Paralysis. By 


S. Hotios and §$. FEeRENczI. English Translation. Pp. 48. 
New York and Washington Publishing Co. 1925. 


Several of the recent publications, as these two, of the Nervous and 
Mental Disease Monograph Series, have been translations into English of 
articles or books which originally appeared in another language. 

The first of these monographs, ~ by Professor Freud’s most brilliant and 
original followers,’ is of interest as a sketch of the development of the 
technique of the psycho-analytic cult and an estimate of its future prospects ; 
it will appeal to all interested in the growth and gradual expanse of a theory 
which cannot be rigidly controlled by facts, and not only to serious students 
of psycho-anulysis as the translator believes. 

The second booklet illustrates the progressive tendency of the psycho- 
analysts and the ease with which a theory can be extended to the explanation 
of all manner of phenomena. The final paragraph expresses the belief “that 
psycho-analysis, which hitherto has declared itself competent only for an 
understanding of the so-called functional psychoses, now deserves considera- 


tion also in organic psychiatry.” 


Zum Gegenwdrtige Stand der Lehre von den Reflecen. By M. Minkowski. 
Neurologische und psychiatrische Abhandlungen aus dem Schweizer 
Archiv fiir Neurologie und Psychiatrie. Pp. 61. Ziirich: Verlag 
Orell Fiissli. 1925. 


The author gives a brief but comprehensive review of our knowledge of 
reflex action in general and of certain reflex reactions in particular, embodying 
both experimental and clinical observations in his account. In his opening 
chapter he discusses the history of the conception of reflex action from the 
time of Descartes to that of Sherrington and Magnus. A phylogenetic and 
ontogenetic study of the evolution of reflex reactions then follows, such reactions 
in primitive animal forms and in the human fetus and newly-born child illus- 
trating the author’s account. From the development of co-ordination by reflex 
action he passes to the co-ordination of reflex actions themselves, describing 
briefly examples of these two grades of co-ordination to be found in the work 
of Sherrington, Magnus and others. A short chapter is devoted to the work ol 
Pawlow on the “ conditioned reflex,’ and another to certain visceral reflexes. 

Having traced the evolution of reflex action, the author proceeds to the 
analysis of reflex reactions as these are revealed to observation in various stages 
of dissolution of nervous activity, and in doing so he pays tribute to Hughlings 
Jackson’s masterly teachings on this subject. The appearance of various 
reactions, as “release phenomena,” is discussed, and the parts played by 
diaschisis and by evolution in the modification of reactions thus revealed are 
considered. Various examples are taken from the experimental and spinal 
preparations and from clinical neurology to illustrate these points. A final 
chapter deals with the relationship of instinct with reflex reaction. He believes 
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this relationship to be of the closest, the difference between the two being one of 
complexity only. Thus certain instinctive reactions are regarded by biologists 
as complex chain-reflexes, the simple reflex reaction being essentially a frag- 
mentary component of the more complex reaction. There is an extensive 
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